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Including the Dynamic Financial Analysis Call Papers 

To CAS Members. 
This is the Spring 2001 Edition of the Casualty Actuarial Society Forum. It 

contains an Introduction with background information on the 2001 Dynamic Finan- 
cial Analysis Program from the Committee on Dynamic Financial Analysis, and 
eight Dynamic Financml Analysis Papers. 

The Casualty Actuarial Society Forum Is a nonrefereed journal printed by the 
Casualty Actuarial Society. The viewpoints published herein do not necessarily re- 
flect those of the Casualty Actuarial Society. 

The CAS Forum is edited by the CAS Committee for the Casualty Actuarial 
Society Forum Members of the committee invite all interested persons to submit 
papers on topics of interest to the actuarial community. Articles need not be written 
by a member of the CAS, but the paper's content must be relevant to the interests of 
the CAS membership Members of the Committee for the Casualty Actuarial Society 
Forum request that the following procedures be followed when submitting an article 
for publication in the Forum. 

I 
2. 

3. 

Authors should submit a camera-ready original paper and two copies. 

Authors should not number their pages 

All exhibits, tables, charts, and graphs should be in original t'ormat and camera- 
ready. 
Authors should avoid using gray-shaded graphs, tables, or exhibits Text and 
exhibits should be in solid black and white. 

Authors should submit an electronic file of their paper using a popular word 
processing software (e.g., Microsoft Word. WordPerfect) for inclusion on the 
CAS Web S~te. 

The CAS Forum IS printed periodically based on the number of call paper 
programs and articles submitted The committee pubhshes two to four editions dur- 
ing each calendar year. 

All comments or questions may be directed to the Committee for the Casualty 
Actuarial Society Forum. 

Dennis L Lange, CAS Forum Chairperson 

The Committee for the Casualty Actuarial Society F o r u m  

Dennis L. Lange, Chairperson 

Michael J. Caulfield Paul R Husslan 
Kasmg Leonard Chung Therese A Klodmcki 
Christopher L Hams 



The 2001 CAS Dynamic Financial Analysis Call Papers 
Presented at the 

2001 Dynamic Financial Analysis Seminar 
June 7-8, 2001 

The Boston Park Plaza Hotel 
Boston, Massachusetts 

The Spnng 2001 Edition of the CAS Forum Is a cooperative effort of the CAS 
Forum Committee and the CAS Commtttee on Dynamic Fmanctal Analysts. 

The CAS Dynamic Fmanc~al Analysts Committee presents for dtscusston etght 
papers prepared m response to tts Call for 2001 Dynamic Financial Analysis Papers. 

Thts Forum includes papers that will be d~scussed by the authors at the 2001 
CAS Dynamic Fmancml Analysts Semmar, June 7-8, m Boston, Massachusetts 

2001 Dynamic Financial Analysis Committee 
Charles C. Emma, Chatrperson 

Manuel Almagro Jr 
John G. Aqumo 
Donald F. Behan* 
Roger W. Bovard 
Thomas P. Conway 
Richard Derrtg* 
Owen M. Gleeson 
Phlhp E Heckman 

Betty-Jo Htll 
Michael R. Larsen 
Eduardo P. Marchena 
Glenn G. Meyers 
Raymond S. Ntchols 
Mark R. Shapland 
Peter G. Wick 

* Non-CAS member of Comrmttee 



Introduction and Background Information 
2001 Call for Papers--Dynamtc Ftnanctal Analy~'ts, A Ca.~e Study 
by Committee on Dynamic Financial Analysis . . . . . . . . . . . . . .  I 

Dynamic Financial Analysis Call Papers 
Preliminary Due Diligence of DFA Insurance Company 
by Raju Bohra, ACAS and Thomas E We~st . . . . . . . . . . . . . . . . . . . . .  25 

DFA h2~urance Company Case Study, Part I" Reinsurance and Asset 
Allocatton 
by John C. Burkett, Ph.D., ACAS, MAAA, 
Thomas S. Mclntyre, FCAS, MAAA and Stephen M Sonhn, CFA . . . . .  59 

DFA Insurance Company Case Study, Part 11 Capital Adequacy and 
Capttal Allocatton 
by Stephen W. Philbrick, FCAS, MAAA and Robert A. Painter . . . . . . . . . .  99 

DFA--The Value of Risk 
by Stavros Chnstofides and Andrew D. Smith . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153 

An Analysts of the Underwmtmg Rt~k for DFA Insurance Company 
by Glenn G. Meyers, FCAS, MAAA . . . . . . . . . . . . . .  195 

The Co~t of Financing Insurance 
by Glenn G. Meyers, FCAS, MAAA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  221 

Reserve Estimates Usmg Bootstrapped Statutor), Lo~ Informatton 
by William C. Scheel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  265 

Valutng An Insurance Enterprtse 
by Wdliam C Scheel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  295 





2001 Call for Papers 
Dynamic Financial Analysis, A Case Study 

Committee on Dynamic Financial Analysis 



2001 Call for Papers 
Dynamic Financial Analysis, A Case Stud), 

In this call paper program, participants were presented with a specific at.tuarlal stttlatlon, including a company 
description and financial statements, and were asked to write a paper describing their approach and solutmn to the 
situation By giving all parttctpants a common startmg point, we hoped to (1) encourage creative problem solving by 
participants using Dynamic Financial Analysts (DFA), (2) demonstrate the range of  DFA approaches and models to 
the CAS membership, and (3) dlustrate how approprtate capital levels can be determined using DFA 

Thts call focused on the apphcatton of DFA approaches to a given situation in order to illustrate hov, 
appropriate capital levels can be determined using DFA I:ach participant was expected to determine approprtate 
capztal levels for the gtven insurance company based on standards used by ratings agene,es, regulators, or financial 
markets The capital standard that was adopted fi)r this study was left to the participant but shtluld have been 
defended as to the appropriateness of  its use It was expected that each paper would include the following 

• Dec, criptlon of measures of risk and reward used In evaluation, 

• Description ot strategies considered, 
• Description of the mc~.lel used, 
• De,,cnpuon of analytical process, and, 
• Interpretation of  model result.s/evaluation of strategies 

The specific sttuatttm, t.ompany de,,cnptlon, and finant.tal statements are d~t .nbed below Participants were 
responsible for selecting appropriate risk and reward measures to either optmnze or control 

• De~crtptlon o f  the Sauation 
The CEO of  your company ts considering the acqutsltLon of  DFA ln,,urance Company (DI AIC or the 
Company) as a stand-alone insurer DFAIC t', a privately held company and has not yet been contacted 
about this interest, and cannot be contacted until after your analysis Is c.oncluded However, puhhcly 
avadable finarr~lal statements for the Company are avadable for the 1999 ,,,ear and they are attached The 
Company 's  last insurance department exammatmn occurred in 1996 and there were no material issues The 

Company has an unquahfied actuarial optmon 

• Descrzptton o f  the Company's  Business" 
G e n e r a l - T h e  Company has an "A' rating from A M Best and it has maintained thl,, rating lor at least the 
past five years It operates through the independent agency system and believes it has very strong 

relattonshtps with tts agency plant 

l~nderwramg Profile - T h e  Company is hcensed in all 50 ,,tares. but is prtmardy concentrated m the 
Northeast and the Midwest The Company c.onslders ttself a "regional ' company m these two geographlt. 
areas Because of  this locus, the Company ha,, hm]ted exposure to severe catastrophes llowever, it does 
have exposure to less severe but more frequent retained catastrophe losses 

The Company v.rttes a balanced book of  both personal and mare street commercml insurance coverages 

"I he Company has minimal exposure to asbestos and environmental exposures 

Asset  Classes - The Compan), 's  cash and invested asset portfoho ts approximately 70% fixed income. 12% 

equity and 18% cash 

The fixed income portfoho is approxunately 80% in ta'~-exempt mumclpal ts~ues and 20% m a mixture ol 
Corporate and Government bonds The Mumc]pals have an average maturtty of  10 5 years and an average 
yteld of  6% The Corporate and Government bonds have an average maturity of  4 year,, and an average 

yield of  8% 

The equity p~rtfi)ho is invested with a target return of  the S&P 500 



Reinsurance - T h e  Company maintains reinsurance to limit shock and catastrophic losses from a single 
event The largest net aggregate amount insured in any one nsk  (excluding Workers Compensation) is $1 
million Excess of  loss is used to protect property risks above $1,0(30.000 up to $20 million per risk, $50 
million per occurrence For casualty and Workers Compensation risks, an excess of  loss treaty provides 
coverage above $500,000 up to $50 5 million 

The Company has a catastrophe cover of  90% of  $150 million excess of  $50 million for any single event 
This limits the Company 's  net pre-tax PML for a catastrophe over a 100 year return period to 10% of  
surplus 

All of  the Company 's  reinsurers are rated "A," or better, and there are no known problems Wll]'l reinsurance 
recoverable 

• Questions the CEO would like addressed: 
1 Is the Company adequately cap~tahzed + Is there excess capital '~ How much capital should the Company 

hold as a stand-alone insurer q 
2 How should the capital be allocated to hne of business':' 
3 What is the return distribution for each line of  business and is it consistent with the risk for the hne + 
4 Should Ihe Company buy more or less reinsurance "~ What type ':~ How efficient is lit; current reinsurance 

program ~ 
5 How efficient is the asset allocatmn';' 

Fmanc4al Statements 
The financial statements are included in this section 



Balance Sheet 
1999 

ASSETS 
Bonds 
Preferred Sb:x:k 
Common Stock 
Mortgage Loans - First 
Mortgage Loans - Other Than First 
Mortgage Loans On RE 
Real Estate - Occupied 
Real Estate - Other 
Collateral Loans 
Cash and Short Term 
Other Invested Assets 
Recetvables 
Aggregate Wnte-lns 
Sub-total - Cash & Invested Assets 
Prems/Agents Bal tn Collectmn 
Prams/Agents Bal not due 
Accrued RetJ'o Prams 
Funds Held for Re=ns 
B=IIs Receivable 
Reins Recov on L&LAE Payments 
FIT Recoverable 
Guarantee Funds Receivable 
EDP Equ=pment 
Int, D=v, RE Income Due & Accrued 
Rece=vabla from Aff=hatas 
Equ=tJes/Depos=ts m Pools & Asses 
Amts Rece=vable A&H Plans 
Other Assets Non-edm=tted 
Aggregate Wnta-lns 

Total Assets 

3,324 007 
327,805 
236,120 

2,233 
0 
0 

30,479 
1,555 

0 
869,870 

0 
33O 

0 
4,792,399 

183,104 
262,029 

0 
0 

61 
49,600 

1,378 
3,370 
8,292 

61,515 
0 

19,324 
0 
0 
0 

5,381,073 

UABILITIES & SURPLUS 
Losses 
Reins Payable on Pa=d L&LAE 
LAE 
Con'Jngent Comm & Other Charges 
Other Expenses 
Taxes, L=censes & Fees 
Federal & Foreign Income Taxes 
Borrowed Money 
Interest 
Unearned Premium 
DNclends Unpaid - Stockholders 
Dividends Unpatd - Policyholders 
Funds Held Reins Treaties 
Amounts Withheld for Others 
Remittances and Items Unellocated 
Provision for Reinsurance 
Excess Star Reserve 
Net Adj Asset/Llab Due to For Exchg 
Drafts Outstanding 
Payable to Parent, Sub & Affd 
Payable for Securities 
Ltabddy Amounts Held A&H 
Capital Notes & Interest 
Aggregate Write-ms 
Total Llabdltles 
Agg Wnte-ins 
Common Capital Stock 
Preferred Capital Stock 
Agg Wnte-ms 
Surplus Notes 
Gross Pa=d In & Contnbuted Surplus 
Unassigned Funds (Surplus) 
Treasury Stock-Common 
Treasury Stock-Preferred 
Pohcyholders Surplus 
Total - Liabdibes & Surplus 

1,908 774 
(t,6t8) 

42t ,387 
32,057 
14,349 
18,691 
5,835 

0 
0 

985,422 
180,000 

6,732 
1.577 
5,491 

0 
2,806 
7,052 

0 
186,209 

0 
2,010 

0 
0 
0 

3.775,776 
0 

43.652 
0 
0 
0 

356,341 
1,204,304 

0 
0 

1,604,297 
5,381.073 



Income Statement & Surplus Reconciliation 
1999 

INCOME STATEMENT 
Premiums Eamed 
Losses Incurred 
Loss Expenses Incurred 
Other Underwriting Expense incurred 
Agg Wnte-lns 
Total Underwntlng Deductions 
Net UnderwntJng G/t. 

Net Investment Income Earned 
Net Realized Cepnta~ G~ 
Net Investment G/1. 

Not GJI_ Agents/Prem Bal Chrgd Off 
Fin & Svc Chrgs Not In Premiums 
Agg Write-ins 
Total Other Income 

Net Income Before Pohcyholder DIvLdsnds 
Dtvldends to Pohcyholdsrs 
Not Income after Policyholder Dividends 

Federal & Foralgn Income Tax Incurred 
Net Income 

SURPLUS RECONCIUATION 
Surplus as Regards Policyholders - Prior Year 
Net Income 
Net Unrealized Ceprtal G/L 
Change in Non-Admdted Assets 
Change in Provision for Reinsurance 
Change in Foreign Exchange Ad|ustment 
Change in Excess Statutory Reserve 
Change in Surptus Notes 
Capulet Changes Paid In 
Capital Changes Transferred from Surplus 
Cepdat Changes Transferred to Surplus 
Surplus Adjustment Pard In 
Surplus Adjustment Transferred to Capital 
Surplus Adjustment Transferred from Cepltal 
Net Remdtances fr~o Home Office 
DIvclends to Stockholders 
Change in Treasury Stock 
Extraordinary Amounts of Taxes Pnor Years 
Aggregate Wnte-ms 
Change in Pohcyholders Surplus for Year 
Surplus as Regards Polcyholders - Current Year 

2,353,625 
1,586,511 

191.923 
693,794 

0 
2,472.228 

(118,604) 

337,232 
14,156 

351.388 

(16,667) 
10,531 

0 
(6.136) 

226,648 
12,169 

214.478 

28.080 
186,398 

1.663,322 
188,398 

8,958 
29,898 

(41) 
o 

5,069 
o 
o 
o 
9 

39.436 
0 
0 
0 

(319.181) 
0 

(9.562) 
0 

(59.025) 
1.604,297 



Underwriting Exhibit 
1999 

Line of Business 
Direct Written 

Premium 
Net Written 
Premium 

Unearned 
Premium 

Unpaid 
Loss 

Unpaid 
LAE 

Fire 
Alhed Lines 
Farm Mp 
Home Mp 
Comm Mp 
Mortg Guar 
Ocean Manna 
Inland Marine 
Flnan Guar 
Modcal Mal 
MOd Mal Occur 
Mad Mal Clms 
Earthquake 
Group A&H 
Credit A&H 
O~er A&H 
Workers' Comp 
Other Llab 
O61 Llab Occur 
Oth Llab CIms 
Prod Llab 
Pr Liab Occur 
Pr bab Clms 
Auto Llab 
Prlv Pass Auto 
Comm Auto Llab 
Auto Phys Dam 
Aircraft 
Fidehty 
Surety 
Glass 
Burglary 
Bit & Mach 
Credit 
International 
Rein 30A 
Rein 30B 
Rein 30C 
Rein 30D 
Agg Wnto-lns 
Total 

16,879 
19,444 
3,209 

349,884 
365,703 

0 
14,238 
55.083 

0 
0 
0 
0 

1,021 
5,374 

0 
0 

235,311 
0 

66,986 
730 

0 
1,264 

0 
0 

632,585 
179 781 
576 628 

8,041 
4,160 

20,128 
0 

120 
1,151 

0 
0 

5,835 
993 

7 
0 
0 

2,564,555 

14,794 
17,698 

931 
322,732 
338,019 

0 
8,323 

49,780 
0 
0 
0 
0 

964 
2,746 

0 
0 

201,213 
0 

41,873 
174 

0 
1,193 

0 
0 

593,660 
164,226 
556,295 

5.008 
3,984 

18,910 
0 

115 
81 
0 
0 

7.068 
454 

7 
0 
0 

2,350,245 

6,556 
7,630 

(8) 
181,636 
164,745 

0 
3,120 

25,604 
0 
0 
0 
0 

521 
0 
0 
0 

85,323 
0 

22,329 
61 

0 
604 

0 
0 

211,134 
77,721 

181,332 
2,364 
2,740 

11,771 
0 

56 
65 
0 
0 

120 
5 
0 
0 
0 

985,422 

10,495 
5,776 
3,148 

107,444 
346,772 

0 
4,025 
8.957 

0 
0 
0 
0 

35 
1,277 

0 
0 

503,298 
0 

86.214 
15 
0 

611 
0 
0 

583,148 
201,119 

26,166 
862 

1,471 
3,954 

0 
14 
52 
0 
0 

10,415 
3,368 

239 
0 
0 

1,908,774 

934 
295 
715 

27 636 
159,202 

0 
107 

1 367 
0 
0 
0 
0 
1 

3O 
0 
0 

51,984 
0 

30,643 
0 
O 

513 
0 
0 

104.939 
34,558 

5,832 
0 

419 
1,807 

0 
7 
1 
0 
0 

394 
0 
0 
0 
0 

421,387 

2,330 161 



Undenm'lUng Exhibit 
1999 
Summary By Schedule P Line of Buslne=== 

Direct Written Net Writtim 
Line of Business P r e m i u m  Premium 

Unearned 
Premium 

Unpaid 
Loss 

Unpaid 
LAE 

Unpaid 
L&LAE 

Homeowners 353.093 323.663 181,628 110,590 28,351 138,941 
PP Auto Ltebdrty 632.585 593,660 211,134 583,148 104,939 688,067 
Comm Auto Llabdlty 179.781 164,226 77,721 201,119 34,558 235,677 
Workers Compensabon 235,311 201,213 85,323 503,298 51,984 555,282 
CMP 365,703 338,019 164,745 346,772 159,202 505,974 
MOd Mal Occ 0 0 0 0 0 0 
MOd Mal CM 0 0 0 0 0 0 
Special Liability 23,430 13,412 5,539 4,939 108 5,047 
Other I Jab Occ 66,986 41,873 22,329 86,214 30,643 118,857 
Other [.Jab CM 730 174 61 15 0 15 
Internet~,nal 0 O 0 0 0 0 
Reins A 5,835 7,088 120 10,415 394 10,809 
Reins B 993 454 5 3.368 0 3,368 
Reins C 7 7 0 239 0 239 
Products Liab Occ 1,264 1,193 604 511 513 1,024 
Products LJab CM 0 0 0 0 0 0 
All Other 698,837 665,283 236.213 58,148 10,695 68,841 
Total 2,564,555 2,350,245 985.422 1,908,774 421,387 2,330,161 



Expense Exhibit 

Loss Adjustment Expense 

Commission & Brokerage 

Allowances to Mgrs & Agents 
Adverl=stng 
Boards, Bureaus & Assoc 
Survey & Undwtg Repts 
Audit of A.ssureds Rocs 
Salanes 
Payroll Taxes 
Employee Welfare 
Insurance 
Directors' Fees 
Travel 
Rent 
Equ=pment 
Pnntlng & Stationery 
Postage & Telephone 
Legal & AudJtJng 
Sub-Total 
State & Local Ins Tax 
Ins Dept Llc & Feess 
Guar Assn Assossments 
Other Taxes, Ltc & Fees 
Total Taxes LJc & Feos 
Real Estate Expenses 
Real Estate Taxes 
Rmmb by Un=n A&H Plans 
Agg Wnte-ms 
Total Expense Incurred 
Unpa=d Exp - Curr Year 
Unpa=d Exp - Pnor Year 
Amts Roc Un=ns A&H. Py 
Amts Rec Unms A&H - CY 
Total Expense Prod 

Direct 
Assumed 

Ceded 
Net 

D~rect 
Re Assumed 

Re Ceded 
DIr Cont 

Assmd Cont 
Cod Cont 

P&M Fees 
Net 

Loss 
Adjustment 

Expense 
47,155 
32,908 
29,377 
50,685 

0 
0 
0 
0 
0 
0 
0 
0 

133 
464 
165 

7 
28 

85.289 
5,237 

14,392 
127 
75 

7,686 
9,431 
8,310 
2,972 
5,850 
1,513 

141,677 
0 
0 
0 
0 
0 
0 

344 
0 

(782) 
191,923 
421,387 
449.965 

o 
o 

220 5Ol 

UnderwrlUng 
Fw~nae 

0 
0 
0 
0 

3~,,369 
181,t94 
210,479 

36,329 
14,286 
14,398 

0 
372,303 

2.815 
3.284 

20,258 
7,190 

415 
t 19,732 

9,338 
19,625 
~1,167 

275 
9 056 

10,080 
26,229 

6.068 
12,689 
3,123 

251,343 
36,641 
6,512 
1.186 
1,407 

45,746 
1.565 

643 
0 

22,196 
693,794 
65,097 

124,678 
0 
0 

753,376 

Investment 
Expense 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
4 
0 
0 

3,004 
0 

489 
4 

115 
313 
229 
498 
258 
378 
158 

5,453 
0 
0 
0 
8 
8 

4.396 
678 

0 
838 

11,374 
0 

289 
0 
0 

11 663 

Total 
Expense 

47,166 
32.908 
29.377 
50,665 

365,369 
181,194 
210,479 

36,329 
14.286 
14,398 

0 
372,303 

2,949 
3.754 

20,426 
7,t97 

443 
208,024 

14.576 
34,505 

1,296 
465 

17.055 
19,738 
35.035 

9.298 
18.917 
4,792 

398,473 
36.641 

6,512 
1,186 
1,414 

48 754 
5,961 
1.665 

0 
22,251 

897,093 
486,484 
574,932 

0 
0 

985,540 



Invested Assets 

Bonds 
i Govemment 
States. Terr & Possessions 
Pohtrcal Sutx~lVlSlOnS 
Special Rev & Assessment 
Pubhc UtLhty 
Industrml 
Parent. Subs & Affihated 
Tota.I Bonds 

Book 
295.845 
679,828 
596,515 

1,345.010 
54,172 

355,647 
0 

3,327,018 

Market 
307,907 
708,972 
623,300 

1,418,650 
53,623 

365,201 
0 

3,477,653 

Cost 
296,888 
683,448 
601,997 

1,352,424 
53,820 

355.713 
0 

3,344.291 
Preferred Stock 
Pubhc Utlhty 50.009 49,771 49,835 : 
Bank Trust Ins Company 71,728 72,484 71,728 
Industnat 206.787 205,550 206,807 
Parent, Subs & AffKhated O O 0 
Total Preferred Stock I 328,524 I 327,805 I 328,369 
Common Stock 
Public Utlhty 2.480 3,318 2.480 
Bank Trust Ins Company 6.829 11,621 6,829 
Industrial 120,400 165,920 120,403 
Parent. Subs & Affdmted : 12,331 55,261 12,331 
Total Common Stock I 142,040 I 236.120 I 142,043 

Total Stock I 470,564 I 563,925 I 470,412 

Total Bonds & Stock . 3.797,582, 4.041,578 3,814f703 

Par ] 
294,950 
685,835 
588,635 

1,348,199 
54,350 

354.924 
0 

3,326.893 

Statement 
295,845 
679.804 
596,515 

1,344,870 
52,685 

354.286 
O 

3.324r007 



Fixed Income Investments 

By Maturity & Type 

'US Govetnme:lt 
Other Governme~nt 
States, Terr 
Pol Sub 
Spe¢ Rev 
Pub UUl 
Induet& Mlsc 
Credit Te~nants 
PSA 
Tots I 

, Publicly Private 
<1 1-5 5-10 10-20 I 20+ I Total I Traded I Placements 
13.251 I 151,213 I 111.025 I 6,884 7,315 289,688 289,688 0 
4,754 4,205 1,232: 2,719 0 12,910 12,910 0 
9,517 1 7 9 , 2 1 1  198,062 236,575 54.438 679,804 679,804 0 

15.354 211.837 120,850 151,537 96,938 596,515 596.515 0 
38,070 310,794 369,310 565,668 61,228 1,345,070 1.345.070 0 
7,984 30,644 11,013 3,045 0 52.685 52,685 0 

164,603 91.810 186,242 39,206 9,0gO 490.951 490,951 0 
0 0 0 0 0 0 0 0, 
0 0 0 0 0 ,  0 0 :  0, 

253,533. 979,713. 997.735. 1.007,634. 229,009 I 3 467.623, 3,467,623. ol 

10 



Fixod Income In,vestments 

By Type & Class 1 

I Us  GOvOmment I <1 I 1-5 
CIIUll 1 13,251 151,2 3 
ClaSs 2 0 0 
ClaSs 3 0 0 
ClaSs 4 0 0 
ClaSl 5 0 0 

iC lm l l  6 I 0 I 0 I 
Other Gov~nnmnt  
C l u e  I 4 754 I 0 I 
C lam 2 0 297 : 
ClaSl  3 0 3 ~ 7  
C l l e l  4 0 0 ' 
CI811 5 0 0 

iC l l l$ l  6 I 0 I 0 I 
S t l l t t l ,  Terr 1 I I 
Cla:lgl 1 8 517 163,087 
C l m  2 0 0 
C l a l l  3 0 16,124 
C l l l l l  4 0 0 
C l l l l  5 , 0 0 

iC laSl  6 i 0 I 0 I 
Pol Sub 1 i I 
C l m  I 15,354 203,483 
C l l l l  2 0 8 374 
C l e l l  3 0 ' 0 
e l l i s  4 0 0 
ClaSs 5 0 0 

iClaSll 6 I 0 I 0 I 
Spec ROY I I I 
C l i l l  I 37,830 285,528 
C l l l l  2 0 15,232 
Ct lms 3 140 5,791 
: l m  4 0 830 
~les8 5 0 3,415 

i C l l l l  6 I 0 I 0 I 
=ub UUI I I I 
~tel l l  1 2,984 5,000 
31aull 2 5,000 23,858 
" laee 3 0 1,758 
; I I I I I  4 0 0 
CN¢111 9 0 0 

[ C l l l l  6 I 0 I 0 I 
Indu l t  & Mi le  I I I 

: r ' l lm l  1 157,490 05 549 
OIMI  2 5,484 42,247 
PIILII 3 1,639 7,(~6 
r*laSl 4 0 5,949 
ClaSs 5 0 0 

i C l u S  6 I 0 I 0 I 
Cl ld l t  Tennsn t l  I I I 
CII I I I  I 0 0 
C l l l l  2 0 0 
C l l l l  41 0 0 
ClaSl  4 0 0 
C l a l l  9 0 0 

I C l U l  5 I 0 I 0 ' 
P¢kA I I 
C l a u  I 0 0 
C t m  2 0 0 
CIIMll 3 0 0 
C l l l l l  4 0 0 
CIIMII § 0 0 

I C l t l l  6 I 0 I 0 
Total I 
C la l l l  I 241 270 ! 844,835 
C l l k l l  2 10 484 90,037 
C | l l l  9 1,778 34,649 
ClaSs 4 0 8 778 
C l l l l  5 0 3 415 

i C l l l l  8 i 0 l 0 

5-10 I 10-20 I 
111,325 I 6,584 

0 0 
0 0 
0 0 
0 0 

0 I 0 I 

0 I 0 I 

1 232 2,710 
0 0 
0 0 
0 0 

0 I 0 I 

I 
182,420 221,348 I 

1563~ 17229 
0 0 
0 0 
0 0 

0 I 0 I 

103,677 I 151,537 I 
17,173 0 

0 0 
0 0 
0 0 

0 I 0 I 

326,790 I 502 581 I 
58225 59,953 

2,315 2,814 
2,010 0 

0 0 

0 I 0 I 

2.814 I 3,048 I 

2,599 0 
5,500 0 

0 0 
0 0 

0 I 0 

88,783 I 13,583 
87,056 25 244 
11,558 278 

0 0 
0 '  0 

0 I 0 

I 
0 0 
0 0 
0 0 
0 0 
0 0 

0 I 0 

I 
0 0 
0 0 
0 0 
0 0 
0 0 

0 I 0 
I 

013,558 999,297 
162,822 105,145 

19.317 3,192 
2,010 0 

0 0 
O. 0 

2O+ I 
7,315 

0 
0 
0 
0 

0 I 

0 I 
0 
0 
0 
0 

0 I 

28,558 I 
25 891 

0 
0 
0 

0 I 

92 079 I 
4858 

0 
0 
0 

0 I 

58,228 I 
0 

5 0 0 0  
0 
0 
0 

0 
0 
0 
0 
0 
0 

8,558 
0 

533 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

192,727 
30,748 

5533 
0 
0 
0 

Tote 
289,688 I 

0 
0 
0 
0 
0 I 

I 

4,7,54 I 

4,249 
3,907 

0 
0 

0 I 

604.924 I 
58 758 
19,124 

0 
0 

0 I 

589,109 I 
30,458 

0 
0 
0 

0 I 

1.209 245 I 
113,410 

18 160 
2 840 
3,418 

0 I 

13.942 I 
31 485 

7,258 
0 
0 

0 I 

303,052 1 
160,930 
8 1 ~ 0  

5 948 
0 

0 I 

0 I 

0 
0 
0 
0 

0 I 

0 I 

O,  
0 
0 
0 
0 

2,901 714 
399.237 

64,480 
8,758 
3.415 

0 

Private ' 

Pub.C~Tr~e<298.589 ! P;~;~";'o I 
0 I 0 
0 0 
0 0 
0 0 

0 I 0 I 

4,754 I 0 I 
4,249 0 
3.~)7 0 

0 0 
0 0 

0 I 0 I 

604.924 I 0 I 
58 758 0 
16,124 0 

0 0 
0 0 

0 I 0 I 

580,109 I 0 I 
3},458 0 

0 0 
0 0 
0 0 

0 I 0 I 

1,209,245 I 0 I 
113,410 0 

16,160 0 
2.840 0 
3,415 0 

0 I 0 

13,942 I 0 
31,458 0 

7,258 0 
0 0 
0 0 

0 I 0 

303,052 I 0 
160,830 : 0 

21,020 0 
5 948 0 

0 0 

0 I 0 

0 I 0 

0 0 
0 0 
0 0 
0 0 

0 L 0 

0 I 0 

0 0 
0 0 
0 0 
0 0 

0 I 0 

2.991,714 I 0 
~9 ,237 0 

64 489 0 
8,758 0 
3,415 , 0 

01 0 
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ScheduleP Summa~ 
Summary 

NET 
Earned 

Premium Paid L&LAE 
Pnor 
1990 1596494  1151101 
1991 1 7 3 7 2 0 9  1183693 
1992 1 7 7 5 6 0 9  1161475 
1993 1879739  1188961 
1994 1976732  1247456 
1995 2 1 0 7 4 5 4  1484370 
1996 2 2 0 9 2 1 2  1421609 
1997 2 2 7 6 8 1 6  1480345 
1988 2 3 3 5 0 1 2  1323943 
1999 2 3 5 3 6 2 8  1018829 

20 250,905 12 850 782 
USImatelncune0 LOSS & ALAE 

12 
1990 823916 
1991  1159523 
1992 1266258 
1993 1310212 
1994 1356920 
1995 1570363 
1996 1562228 
1997 1666724 
1998 1677599 
1999 1759654 

Paid LOSS& ALAE 
12 

1990 459707 
1991 475583 
1992 511605 
1993 523717 
1994 546303 
1995 711681 
1996 700904 
1997 830287 
1998 841694 
1989 902204 

Bulk & IBNR Rese~es 
12 

1990 319090 
1991 403557 
1992 441817 
1993 472302 
1994 483388 
1995 441776 
1996 452418 
1997 435651 
1998 438671 
1999 458213 

Reported LOSS & ALAE 
12 

1990 504826 
1991 755966 
1992 824441 
1993 837910 
1994 896531 
1995 1128587 
1996 1109810 
1997 1231073 
1998 1238928 
1999 1301441 

24 
1104131 
1160612 
1242862 
1265073 
1314575 
1547449 
1528197 
1658363 
1645660 

Un-pald Ul~mato 
L&LAE L&LAE 

168730 
30721 1181823 
34067 1197760 
41619 1233093 
48137 1236098 
73462 1320918 

114253 1578622 
167455 1589064 
278784 1759129 
463891 1787833 
910056 1929885 

2,330 175 14,814,225 

36 48 
1122146 1122467 
1151034 1148713 
1217274 1186469 
1233699 1189098 
1275997 1236108 
1526151 1487374 
1503087 1470585 
1626278 

DIRECT & ASSUMED 
Earned Un-pald Ul*lmate 

Prern=u~ Pazd L&LAE L&LAE L&LAE 
320307 

2470794 1796516 58076 1854594 
2638630 1724810 58950 1783760 
2673873 1710394 75891 1786284 
2779441 1715327 92777 1808106 
2903669 1697453 134762 1832216 
3071550 2051512 211112 2262622 
3273222 1974366 279221 2253589 
3302666 2013850 474089 2487721 
3362358 1776580 741119 2520698 
3372517 1445408  1 4 9 4 4 4 9  2909855 

29 849 740 17 909 016 3 610 733 21 499 445 

60 72 84 96 108 
1128328 1118885  1110486  1106679  1105497 
1134153 1124437  1115902  1112973  1112987 
1171824 1157443  1150694  1148914 
1160604 1144456  1142139 
1213314 1204485 
1484921 

24 36 48 60 72 84 
736944 869785 953429 1009607  1037505  1056334 
740927 870282 958701 1010178  1043323  1060304 
787838 918887 1000836  1056514  1080877  1089026 
790482 920709 1004739  1050583  1078352  1095248 
830218 969956 1052257  1107812  1134153 

1036367 1191990  1300882  1355550 
1045166 1218549  1310046 
1204860 1359498 
1203813 

120 
1109923 

24 36 48 60 
169339 110800 78364 58387 
201955 137372 89485 59786 
236282 145782 81560 56691 
255327 161941 91444 54149 
232103 148843 82294 50484 
233818 141054 82171 49085 
220372 134492 73931 
204904 113925 
190284 

96 108 120 
1066110 1075164  1080414 
1072111 1080292 
1109015 

72 84 66 
40421 28341 20789 
40995 27533 19812 
37910 27530 22241 
32017 25539 
37437 

108 
15012 
17963 

120 
~7692 

24 36 48 60 72 84 96 
934792 1011346  1044103  1069939  1078464  1082145  1085891 
958857 1013662  1059228  1074367  1083442  1088369  1093161 

1006580 1071492  1104909  1115133  1119533  1123164  1126673 
1009746 1071758  1097854  1106455  1112439  1116600 
1082472 1127154  1153814  1162830  1167049 
1313631 1385097  1405203  1415836 
1307825 1368515  1396634 
1453459 1512353 
1456378 

108 
1060465 
1095024 

120 
1092231 
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Schedukl P Home 
Home 

Earned 
Premium 

Prior 
1990 182960 
1991 196945 
1992 215241 
1993 232885 
1994 242880 
1995 259957 
1996 284348 
1997 304432 
1995 320240 
1999 324779 

2,564 647 
UIhmate Incorred Loss & ALAE 

12 
1990 31169 
1991 126731 
1992 157558 
1993 163692 
1994 167469 
1995 230837 
1906 202686 
1997 259065 
1996 222748 
1999 208705 

Paid Loss & ALAE 
12 

1990 76159 
1991 78459 
1992 107795 
1993 106531 
1994 105504 
1095 165492 
1996 132687 
1997 187523 
t998 157251 
1999 190205 

Bulk & IBNR Reserves 
12 

1990 16747 
1991 22076 
1992 20808 
1993 20824 
1994 20343 
1995 23799 
1996 25567 
1907 27611 
1998 25832 
1999 30318 

Repoded LOSS & ALAE 
12 

1990 14422 
1991 104655 
1992 136750 
1993 142068 
1904 141126 
1995 207038 
1098 177119 
1997 231454 
1998 196914 
1999 238387 

NET DIRECT & ASSUMED 
Un-pald Ultimate Earne0 

Paid L&LAE L&LAE L&LAE Premium Pad L&LAE 
857 

131875 607 132512 267430 187383 
138220 298 138518 294460 195859 
171036 195 171231 319753 244972 
172846 1858 174704 345422 249482 
174440 2042 176482 372249 249711 
242440 4348 248788 407206 351214 
213878 5083 219561 446710 305739 
264007 13638 277644 463207 378179 
214763 23968 2387J1 483897 294224 
208513 85414 293927 501395 300317 

1 032,018 138 038 2 070 098 3 901 749 2 757 080 

24 36 48 60 72 
123086 121628 121312 120960 120786 
130026 127583 126730 125640 127269 
159071 158104 159525 157525 157873 
103139 161354 181677 160495 160421 
164225 163903 163628 161827 159595 
229624 227953 226813 226454 
201266 202338 200922 
260110 256783 
221905 

Un-pald Ulbmate 
L&LAE L&LAE 

4100 
1530 188914 
589 196450 
522 245494 

3708 253187 
4566 254279 
7145 358362 
9918 315650 

22200 400382 
38743 332966 

129528 429844 
222 558 2 975 533 

84 96 108 
120667 120980 120907 
126636 126266 125893 
157124 156249 
159270 

24 36 48 60 72 84 
108951 114280 115908 116748 117938 118845 
109374 115788 119285 121939 124971 125635 
140993 146009 150711 153028 154570 155469 
143622 148888 153620 156320 157590 157510 
142706 148931 154062 155933 157630 
206802 212794 216489 222294 
178721 189628 195514 
234064 243693 
199240 

98 108 
119889 120060 
125887 125590 
156047 

24 36 48 60 
6040 3291 1622 1006 
6873 3360 1789 650 
5358 3974 2577 1807 
6695 3856 2499 1486 
0902 4454 3171 1956 
7374 3868 1363 889 
7015 3966 1276 
9315 4424 
5823 

72 84 
1017 1114 
970 671 

1457 659 
1254 402 
357 

98 
756 
419 
122 

108 
610 

89 

24 36 48 60 
117040 118537 'o119690 119954 
123153 124223 124941 124990 
153713 154130 156948 155718 
156444 157498 159178 159009 
157326 159449 160457 159871 
222250 224085 225450 225765 
194251 198372 199646 
250795 252359 
216082 

72 84 
119769 119553 
126290 125965 
156410 156465 
159167 158888 
159238 

96 
120230 
125847 
156127 

108 
120297 
125804 

120 
120685 

120 
120052 

120 
518 

120 
120167 

13 



Schedule P PPA 
PPA 

Earned 
NET DIRECT & ASSUMED 

Un-pald glbn'~te Eame6 Un-pa¢l Ulbrnate 
Premium Pm6 L&LAE 

Pnor 
1990 335080 312948 
1991 380573 314109 
1992 419726 345629 
1993 518045 373975 
1994 576354 389123 
1995 582729 404411 
1996 618378 412208 
1997 640517 403115 
1998 629561 3499.46 

L&LAE 
7298 
4066 
2349 
3669 
4924 

10584 
22852 
40134 
88525 

170166 
1999 601444 180893 335722 

5,302 407 3,466 355 688 089 
Ulbmate Incu~edLo~8 ALAE 

12 24 36 
1990 235477 292801 293854 
1991 315929 308678 298835 
1992 383803 353503 342560 
1993 413788 398749 387106 
1994 448442 413814 393299 
1995 444678 434244 413134 
1996 455012 435873 420218 
1997 467927 462347 452051 
1998 500040 477071 
1999 471228 

Peld LOSS & ALAE 

12 24 36 48 60 
1990 77087 168734 222770 254834 275564 
1991 79765 171913 22~588 259418 275288 
1992 84913 190748 252451 285703 305307 
1893 98716 208521 273674 310892 328984 
1994 102797 225148 289638 325387 346017 
1995 120279 253104 318140 358551 373180 
1696 123944 261435 338422 379957 
1997 147317 303231 369873 
1998 163301 315852 
1999 155246 

BuJk 8 18NR Reserves 

12 24 38 48 60 
1990 88580 45059 22914 11012 5770 
1991 128830 51419 26820 10293 7259 
1992 142842 70827 32690 12381 6733 
1993 174297 88315 53137 25044 11201 
1994 176867 79397 48819 20048 8270 
1995 144802 73809 35777 15572 8221 
1996 155447 86134 32536 15439 
1997 147862 61175 32130 
1998 151913 55373 
1999 148225 

Reported Loss & ALAE 

12 24 36 48 60 
1990 136889 247542 270940 279776 287183 
1991 187099 255259 271915 285611 288017 
1992 220961 282678 309870 315334 317966 
1993 239489 310434 333969 341116 342612 
1994 271575 334417 346480 353804 358171 
1995 298876 360435 377357 384024 386598 
1988 299565 369739 387882 40276C 
1997 320065 401172 419921 
1998 348127 421698 
1999 

L&LAE Premium Paid L&LAE 

317012 520059 458881 
316458 556734 434597 
349298 819903 452844 
378900 717148 470528 
390706 779551 473475 
427083 805111 512703 
452342 859327 535228 
489639 872722 524373 
520112 834695 450637 
516615 699219 240595 

4 167 145 7.268467 4 553641 

48 60 72 
290788 292953 292894 
295904 285276 292241 
327715 324699 322260 
368160 353813 347647 
373652 366441 364089 
400496 394819 
418199 

L&LAE L8LAE 
106598 
10976 469639 
8806 443404 

15133 467977 
14253 484783 
24942 498419 
54563 567267 
71107 606335 

135351 659722 
249385 700006 
486256 726851 

1 177,350 5 624,403 

84 96 
291327 280965 
282301 292545 
320430 319877 
346747 

72 84 
282970 286341 
283357 286679 
310900 314584 
338086 342021 
354008 

108 120 
291114 292586 
291313 

96 106 120 
287228 288263 288722 
288712 289108 
316362 

72 84 96 108 120 
4310 1942 1244 1285 3048 
2509 1985 1787 1133 
4429 2682 1426 
4460 3168 
4167 

72 84 86 108 120 
288584 289365 289721 289829 269538 
289732 290316 290758 290180 
317831 317748 318451 
343187 343579 
359922 

14 



Schedule P CAT 
CAT 

NET DIRECT & ASSUMED 
Earned Un-psid Ul~mate Earned Un-patd U~i..=~o 

Premtum Pard L&LAE L&LAE L&LAE Premium Pard L&LAE L&LAE L&LAE 
Pnor 2702 3715 
1990 121206 91802 406 92208 169409 144831 600 145432 
1991 128555 92839 858 93695 204400 150188 1735 151927 
1992 124279 79946 1339 81285 201211 128849 2074 128920 
1993 123834 76712 2154 78866 198350 125331 3528 128861 
1994 131029 92997 3977 96973 211733 149183 7193 156377 
1995 143954 108255 9735 117990 229659 171916 19590 191508 
1996 140865 95172 15902 111074 223883 143438 24484 167918 
1997 152933 93358 34419 127777 238474 136977 54960 191939 
1998 159345 70197 65478 135675 252011 111602 103884 215485 
1999 183010 39154 98710 137864 270259 65089 165210 230297 

1,389 010 840 432 235 677 1 073 407 2 219 189 1 325 402 389 973 1 708 864 

Ul~matelncurredLose& ALAE 
12 24 36 48 80 72 84 96 108 120 

1990 103752 91993 94238 90342 88504 86644 86210 86043 88110 85808 
1991 97383 97424 92733 89450 89114 87362 96527 86704 86450 
1992 95589 86374 79188 78775 75922 75681 75573 75554 
1993 94625 86782 80340 76332 74121 73995 73827 
1994 100822 104601 100696 92725 89616 88182 
1995 122179 123418 119793 117433 111201 
1996 113679 111402 106610 104985 
1997 116224 11883~ 119508 
1998 123729 124085 
1999 125756 

Pad LOSS & ALAE 
12 24 56 48 60 72 84 96 108 120 

1990 18943 36378 58582 /0402 78094 81467 83683 84918 85253 85419 
1991 17128 39960 56873 89814 79020 82355 83588 85315 85635 
1992 15792 34328 49699 59062 66911 71248 73105 74273 
1993 15233 33379 49302 59438 65955 69586 71762 
1994 19119 41259 61135 73195 80738 84389 
1995 24246 53612 75796 93280 101944 
1996 21620 49388 73057 8~45 
1997 23813 57681 86166 
1995 27102 60959 
1999 31039 

Bulk & IBNR Reserves 
12 24 36 48 60 72 84 96 106 120 

1990 43521 27080 17110 8994 4757 2089 1283 726 425 156 
1991 55125 30534 15215 7554 4407 2162 580 449 202 
1992 52945 25383 11683 6647 2140 1066 692 154 
1993 55010 30680 14366 5519 2192 895 510 
1994 48978 28808 19863 8013 3019 1045 
1995 54679 30816 17538 9470 2775 
1996 53285 26834 12875 5020 
1997 52032 21680 11979 
1998 57150 29154 
1999 54703 

RepodedLoss & ALAE 
12 24 36 48 60 72 84 96 108 120 

1990 80231 64913 77128 81348 83747 84555 84927 95317 85685 85652 
1991 42258 86890 77516 81898 84707 85200 85947 86255 88248 
1992 42644 60991 67505 72128 73782 74815 74881 75400 
1993 39615 56102 65974 70513 71929 73130 73317 
1994 51544 75793 80833 84712 86597 87137 
1995 67500 92602 102255 107963 108428 
1996 6039,4 84768 93735 99965 
1997 64192 95150 107529 
1998 66579 94931 
1999 
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Scheduto P 
WC 

Earned 
Premium 

Prior 
1990 204428 
1991 228937 
1992 245414 
1993 243405 
1994 257538 
1995 273523 
1996 276367 
1997 254069 
1998 222786 
1999 209183 

2 415649 
Ultlnlate Incurred Loss &ALAE 

12 
1990 237143 
1091 183183 
1992 203009 
1993 196881 
1994 201220 
1995 198383 
1996 177561 
1997 175661 
1998 159221 
1999 167356 

Paid LOSS & ALAE 
12 

1990 35126 
1991 38322 
1992 37356 
1993 35233 
1994 34666 
1995 34389 
1996 32455 
1997 36129 
1998 33953 
1999 37710 

8uJk & IBNR Reserves 
12 

1990 70862 
1891 94118 
1992 111354 
1993 114435 
1994 121669 
1995 112516 
1996 96487 
1997 86849 
1998 79853 
1999 81687 

Repo~edLoss & ALAE 
12 

1990 166281 
1991 89065 
1992 91655 
1993 82446 
1994 79551 
1995 85867 
1996 81074 
1997 89012 
1998 79388 
1999 

NET DIRECT & ASSUMED 
Un.pald Ul~ma'e Eamed 

Pard L&LAE L&LAE L&LAE Promlum Pard L&LAE 
78036 

156599 18644 175243 310843 258698 
170807 22199 193006 333848 258255 
151145 25927 177073 361994 236442 
138859 28236 167095 381489 233877 
138945 29623 168568 357778 170405 
123364 36253 159616 330575 148058 
111114 42808 153921 357529 130814 
105571 57325 162896 346474 129930 
88125 78934 167058 322711 120501 
48578 137297 185875 350794 76524 

1 233 107 555,280 1 710,351 3 454035 1 763 504 

24 36 48 60 
174455 182141 189341 189543 
198016 207766 210445 203707 
207190 205272 193977 192942 
197471 189212 179989 172715 
195241 178266 172906 161405 
183219 174096 182395 156457 
175394 163821 146820 
166151 152201 
151739 

Un-palo Ulbrnate 
L&LAE L&LAE 

106376 
27516 286216 
31958 290213 
39362 275807 
48020 281895 
44659 215065 
54122 202178 
64141 194955 

105424 235354 
125566 246068 
240165 316689 

887 309 2,544 440 

72 84 96 
186321 180851 179232 
201418 197066 191672 
185360 180604 180741 
106559 166470 
158958 

108 
176318 
193143 

24 36 48 60 72 
62507 111848 130402 141543 147667 
91252 121899 140972 152440 161352 
88873 115335 131775 143216 148887 
77467 102068 120431 128284 134727 
75349 102135 115720 124387 130418 
76001 98458 112317 120176 
72467 93806 105008 
75092 96765 
75818 

84 96 106 
153294 156684 159190 
165654 169236 171687 
153199 155774 
139327 

24 38 48 60 72 
42977 30756 32418 27645 21922 
54332 47691 41085 2983,1 24446 
70926 53555 35145 30735 21685 
73432 52197 34810 26032 18988 
70009 41174 31344 19751 16720 
57527 39464 26749 17419 
57303 41963 23429 
49691 27381 
37648 

84 
15536 
18619 
15183 
14680 

96 
12541 
12288 
13910 

108 
8179 

12533 

24 36 48 60 72 
131478 151385 156925 161898 164399 
143684 160075 169360 173873 176972 
136264 151717 158832 162207 163475 
124039 137015 145179 146683 148571 
125232 137091 141562 141654 142238 
125692 134832 135646 138036 
118091 121858 123191 
116460 124910 
114091 

84 96 
165315 166691 
178447 179386 
165421 166831 
151790 

108 
168139 
180~10 

120 
179289 

120 
161313 

120 
10544 

120 
168746 
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Schedule P CMP 
CMP 

Eamod 
Premium 

Pnor 
1990 268O81 
1991 281919 
1992 274640 
1993 246992 
1994 249014 
1895 279522 
1996 285944 
1697 291659 
1998 312956 
1999 333786 

2 534495 
Ul~mate Incu~edLoss& ALAE 

12 
1990 118941 
1891 176874 
1992 184975 
1993 162510 
1994 182102 
1995 215829 
1996 200189 
1997 216892 
1998 223208 
1999 258721 

Paid LOSS & ALAE 
12 

1990 53345 
1991 57386 
1992 56720 
1993 48704 
1994 50966 
1995 78181 
1996 63526 
1997 74185 
1998 83350 
1999 101986 

Bulk & IBNR Resoles 
12 

1990 50447 
1991 79523 
1992 86097 
1993 72108 
1994 65905 
1995 74134 
1996 85289 
1997 67921 
1998 86114 
1999 94552 

Repo~edLoss & ALAE 
12 

1990 66494 
1991 99151 
1992 98878 
1993 90402 
1994 96197 
1995 141695 
1998 114900 
1997 128971 
1998 137994 
1999 

NET DIRECT & ASSUMED 
Un-pa=d 

Paid L&LAE L&LAE 
30014 

172490 8017 
170949 7500 
158064 9217 
139220 10615 
155661 24854 
204369 34205 
165664 49408 
163198 67729 
141202 100238 
115586 166178 

1,588,405 505 873 

24 36 
159279 164026 
170578 198527 
170748 166017 
152915 150070 
159861 182838 
223404 227334 
198951 197587 
216666 208735 
220713 

Ultimate Earned Unpa=d UIbmate 
L&LAE Prem urn Paio L&LAE L&LAE L&LAE 

42451 
178507 483679 325526 13193 338717 
178446 537660 313892 14519 326513 
187282 409287 278272 18623 293067 
149835 449394 271493 21117 292610 
180515 476958 281876 49882 331757 
238575 517417 388901 65087 433968 
215091 528508 274106 86549 380656 
230928 532719 279822 124208 404030 
241439 561943 233984 175979 409944 
281747 586434 191492 309420 500910 

2,082 388 5 171 967 2,817 448 916,228 3 694 220 

48 60 72 84 
165374 166951 164740 185179 
172508 188693 164591 162938 
160701 156753 152659 154144 153881 
142577 137894 135851 135555 
181429 162918 165538 
225469 219830 
195372 

96 108 
163981 165389 
164399 185802 

24 36 48 60 72 
93378 109723 124477 136250 144479 
91261 107908 123718 135289 143442 
87647 101284 115978 127967 135136 
78127 92073 194895 113236 120282 
84838 103902 118267 133850 141842 

118181 146293 171203 187494 
103621 133062 148531 
122674 144418 
125455 

84 96 
150445 153448 
150291 154320 
141522 145149 
125830 

106 
157898 
158888 

24 38 48 60 
38781 26658 19859 14350 
48152 35577 24870 14345 
52461 37055 20904 13105 
47185 32424 19468 11602 
38678 29713 17684 15606 
52068 37983 23754 16595 
53101 35545 23456 
51496 3128b 
52298 

72 
8591 
9357 
7997 
7097 

13558 

84 
7246 
4787 
7268 
5788 

86 
4871 
3965 
5731 

106 
3740 
3348 

24 36 48 60 
126498 135370 ° 145515 152601 
122424 132950 147639 152348 
118287 128962 139797 143648 
105730 117846 123109 128292 
121183 133125 143745 147313 
168336 189351 201715 203235 
145850 162042 171916 
185372 177448 
188415 

72 
156149 
155234 
144862 
128754 
151980 

84 96 108 
157933 159310 161649 
158151 160434 162456 
148875 148150 
129767 

120 
185614 

120 
160070 

120 
2777 

120 
163037 
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Schedule P Spcl..Llab 
Spcl..Uab 

NET DIRECT & ASSUMED 
Earned Un-paJd Ulbmate Earned Un-pald Ulbmate 

Premium Pard L&LAE L&LAE L&LAE Premtum Pa¢l L&LAE L&LAE L&LAE 
PriOr 83 1014 
1990 11284 10350 0 10350 26660 24913 9 24922 
1991 119(;3 5524 O 5524 22149 11497 14 11512 
1992 7853 2584 0 2584 13061 4704 3 4707 
1993 720 1565 0 1565 3242 5882 0 5882 
1994 757 147 3 150 4349 2491 6 2497 
1995 4485 4738 -115 4623 13337 10481 -108 10354 
1996 ,5630 3795 869 4464 14176 8784 706 9489 
1997 8195 3894 499 4393 20282 10134 715 10848 
1998 4370 4085 1705 5790 13613 10164 3872 13836 
1999 9225 3457 2239 5696 23560 11032 6513 17544 

62 482 40 139 5063 45 139 154 426 100,062 12546 111,591 
UIbmate Incuwed Loss& ALAE 

12 24 36 48 60 72 84 96 108 120 
1990 9249 6067 8391 10317 10317 1020B 10208 10208 10206 10206 
1991 4970 5916 8088 6078 6048 6045 5257 5258 5258 
1992 2893 2560 2561 2551 2559 2462 2462 2462 
1993 497 491 471 475 1562 1558 1537 
1994 524 836 981 155 127 129 
1995 3479 3554 4730 4910 4601 
1906 3135 3605 3856 4411 
1997 3490 4226 4327 
1998 2423 5452 
1999 4464 

Pa)d Loss & ALAE 

12 24 36 49 60 72 84 96 108 120 
1990 2624 5741 6685 10183 10202 10204 10204 10206 10208 10206 
1991 1954 4073 5987 5984 6005 8044 5258 5258 5258 
1992 1563 2531 2551 2557 2557 2462 2462 2462 
1993 330 420 459 471 1559 1558 1537 
1994 323 505 838 89 113 125 
1995 819 2463 4077 4503 4715 
1996 1675 2571 3138 3743 
1997 1909 3115 3831 
1998 1160 3748 
1999 2276 

Bulk & IBNR Re.',~rves 

12 24 36 48 80 72 84 96 108 120 
1990 1501 783 720 110 110 2 2 0 0 0 
1991 1150 650 35 48 13 0 0 0 0 
1992 509 7 5 1 1 0 O 6 
1993 27 10 3 3 3 O O 
1994 60 53 85 34 -1 0 
1995 351 188 284 131 -56 
1696 240 445 236 442 
1997 764 381 197 
1998 242 960 
1999 381 

Reported Loss & ALAE 

12 24 36 48 60 72 84 96 108 120 
1990 7748 6184 7671 10207 10207 10209 10206 10206 1020~ 10206 
1991 3820 526~ 8051 8030 8035 6045 5257 5258 5258 
1992 2384 2553 2556 2552 2558 2462 2462 2462 
1993 470 472 488 472 1559 1558 1537 
1094 464 583 018 121 128 129 
1995 3128 3366 4448 4778 4657 
1998 2895 3160 3817 3069 
1997 2728 3865 4130 
1998 2181 4492 
1999 

18 



Schedule P OL_OCC 
OL OCC 

NET DIRECT & ASSUMED 
Earned Un-pald Ultimate Earned Un-pald Ulbrnate 

Premrum Pard L&LAE L&LAE L&LAE Prom=urn Pard L&LAE L&LAE L&LAE 
Pnor 42889 47759 
1990 30235 12916 890 13800 64942 24651 4125 28777 
1991 30355 13096 1008 14104 65030 22833 1576 24410 
1992 23695 14413 1234 15647 55256 27196 2068 29284 
1993 20320 10459 1354 11813 57590 18847 2149 20799 
1994 22629 11501 2256 13757 82070 18106 3427 21530 
1995 28984 15411 4280 19691 54549 22115 7151 29256 
1996 22210 15208 5233 20441 65755 29267 8690 37959 
1997 35295 11500 12587 24067 67685 16897 23343 40241 
1998 37183 5248 17584 22831 74693 8167 32855 41021 
1999 38718 3103 27581 30684 74071 4343 54224 59557 

289 514 1 1 2 , 8 4 9  116,856 185,835 651,541 192 222 187 377 331,834 
U]bmatelncu~ed Loss& ALAE 

12 24 36 49 60 72 84 95 105 120 
1990 54414 13721 15324 14387 13934 13286 11633 11497 11861 12173 
1091 18848 17371 17329 14299 14580 12644 12087 12994 12440 
1992 16235 18092 16455 15620 14599 14887 13996 13995 
1993 18362 16030 14797 11981 10731 9585 10317 
1994 16047 16153 15484 11981 11872 11984 
1995 23491 19259 19199 17681 17905 
1996 22985 21344 20733 17923 
1997 22349 20149 21320 
1998 22523 20149 
1999 28440 

Pald LOSS & ALAE 
12 24 

1990 938 2526 
1991 1462 3249 
1992 1528 3883 
1993 756 2063 
1994 1129 3065 
1095 3130 6029 
1906 4210 7347 
1997 1513 4327 
1998 1100 3491 
1699 1756 

Bulk & IBNR Reserves 
12 

1990 9707 
1991 8755 
1092 11070 
1993 12767 
1994 10305 
1995 14502 
1998 13492 
1997 14081 
1998 14531 
1999 21369 

Repoded LOSS & ALAE 
12 

1990 44707 
1991 10001 
1992 5166 
1993 5595 
1694 5742 
1995 
1906 
1997 
1998 
1999 

36 48 60 72 94 06 
5943 7171 9243 9787 10020 10408 
4989 7365 8004 9353 10018 10659 
6372 9346 11397 11712 12523 12823 
5261 6316 7432 7983 9047 
5928 7381 5538 9863 
6157 12243 13830 
9915 13081 
9360 

24 36 45 60 72 84 06 
5192 8915 4063 3774 2377 1093 754 
9461 7595 3827 2995 1394 580 852 
9521 5796 3842 1739 1054 1008 050 
8372 5297 3043 1543 1237 1058 
7766 5833 1946 1550 1571 
8334 4915 3284 2070 
8957 5030 3570 
9851 5~33 
9152 

24 35 48 60 72 84 06 
5529 8509 9424 10160 10912 10540 10713 
7910 9734 10672 11565 11250 11207 12132 
8571 10656 11979 12850 13833 12988 13038 
7658 9500 8938 9188 8348 9259 
8384 9651 10015 10322 10413 

8959 10924 14274 14397 15735 
9493 12387 14994 14353 
8268 10288 15687 
7992 10997 

108 120 
10658 11330 
11492 

109 120 
659 611 
698 

105 120 
11002 11552 
11742 
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Schedule P Relns_A 
Roins_A 

NET DIRECT & ASSUMED 

Pnor 
1990 1204 1874 6 
1991 0 15 -138 
1992 0 160 -2 
1993 0 184 3 
1994 0 917 -113 
1995 6715 4654 679 
1996 9784 5269 605 
1997 14779 7600 2618 
1998 18946 5087 3529 
1999 10243 6825 -711 

Earned Un-pald Ulbmate Earned Un-patcl U~rnate 
Prem=um Paid L&LAE L&LAE L&LAE Prem=um Prod L&LAE L&LAE L&LAE 

4134 7323 
1880 2540 3568 5.4 3622 
-123 2209 886 -221 665 
158 916 2048 -3 2048 
187 655 838 10 849 
904 744 2001 -12 2079 

5333 0096 7280 794 8074 
6074 13415 8261 1211 10473 

10218 20089 12082 3133 15215 
8818 24084 6732 4399 11131 
6114 19020 33825 4834 38659 

61 671 32 585 10 810 39 261 93 681 78 612 21,522 92 813 
Ulbmate Incu~edLoss & ALAE 

12 24 36 48 60 72 84 96 108 120 
1990 17165 1280 3126 2552 2744 2009 1862 1946 1969 1870 
1991 0 0 0 0 0 0 14 15 -124 
1992 0 0 O O O 138 140 132 
1993 0 0 0 0 354 422 163 
1994 0 176 576 1081 1006 765 
1995 3657 4716 5568 5447 5314 
1996 4101 6042 5956 6006 
1997 9551 9014 10188 
1998 9243 8599 
1699 5870 

Paid LOSS & ALAE 

12 24 36 48 60 72 84 96 108 120 
1990 960 2037 2269 2159 1753 1806 1808 1885 1865 1865 
1891 O 0 0 0 0 0 14 14 14 
1992 0 O O O O 134 134 134 
1993 O 0 0 0 123 177 180 
1094 0 2 203 745 844 909 
1995 901 2653 4083 4394 4635 
1996 1082 3954 5061 5203 
1997 4877 6217 7573 
1998 3357 5072 
1999 6629 

Burk & IBNR Rese~os 

12 24 36 48 60 72 84 96 108 120 
1990 478 567 467 460 726 73 35 71 93 38 
1991 0 O 0 O 0 O O 1 -2 
1992 0 0 0 0 O -1 2 -2 
1993 0 0 0 0 13 85 -11 
1094 0 174 197 10 28 -68 
1995 1358 914 594 330 433 
1996 1296 830 908 389 
1997 2453 1143 988 
1998 2804 1509 
1999 -221 

Repo~edLoss & ALAE 

12 24 36 48 60 72 84 96 108 120 
1990 18687 663 2659 2092 2015 1038 1827 1875 1876 1832 
1991 O O 0 O 0 O 14 14 -122 
1992 O 0 0 0 0 137 138 134 
1993 0 0 O 0 341 337 104 
1994 O 2 409 1071 978 863 
1995 2299 3802 4984 5117 4881 
1996 2805 5203 5348 5617 
1997 7098 7871 9200 
1998 5439 7090 
1999 
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Schedule P Relns_B 
Relns_B 

NET DIRECT & ASSUMED 
Earned 

Prem,um Paid L&LAE L&t~E 
Pnor 
1990 0 0 
1991 0 0 
1992 0 0 
1993 0 0 
1994 0 765 
1995 4277 4426 
1996 5545 4650 
1997 7559 8832 
1998 8407 3191 
1999 981 101 

26 766 21 955 
Ulumate tncurred Loss & ALAE 

12 24 
1990 0 0 
1991 0 0 
1992 0 0 
1993 O 0 
1994 168 475 
1995 4383 4507 
1996 4417 4966 
1997 8800 9239 9314 
1098 4837 4592 
1999 446 

PoId LOSS & ALAE 
12 24 36 

1990 0 0 0 
1991 O 0 0 
1992 0 0 0 
1993 0 0 0 
1004 139 359 451 
1995 2307 3534 4073 
1996 1972 3509 4479 
1997 4473 8008 8832 
1998 1678 3191 
1999 101 

Bulk & IBNR Resenles 
12 24 36 

1990 O 0 0 
1991 0 O 0 
1992 O 0 0 
1993 O 0 0 
1994 O 13 31 
1995 786 525 35 
1996 1020 286 153 
1997 1429 348 -110 
1995 1492 551 
1999 3 

Reported Loss & ALAE 
12 24 39 

1990 o 0 0 
1091 0 0 0 
1092 0 0 0 
1993 0 0 o 
1994 166 462 538 
1995 3597 3982 4320 
1996 3397 4680 4805 
1997 7171 8891 9424 
1998 3145 4041 
1999 

Un-palo UltJmate Earned UN-pald Ultimate 
L&LAE Prem um Paid LgLAE LOLAE L&LAE 

0 0 
0 O 0 O 0 0 
0 0 O O 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

127 892 0 765 127 892 
354 4780 4595 4823 395 5188 
660 5310 6582 5025 987 5712 
482 9314 8677 9585 525 10110 

1401 4592 10177 3481 1810 5091 
345 446 1555 301 459 759 

3 369 25,334 31,586 23 980 3,772 27 752 

35 48 80 72 84 96 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 O 0 0 0 0 

0 0 0 0 0 

899 988 899 892 
4355 4412 4785 
4955 5310 

48 60 72 84 96 
0 O 0 0 0 
0 O 0 0 0 
0 0 O 0 0 
0 0 O 0 

706 737 765 
4164 4426 
4650 

48 60 72 84 99 
0 0 0 0 O 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 

70 73 72 
3 225 

310 

48 60 72 84 96 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 

918 926 820 
4409 4552 
5000 

108 
0 
0 

108 
0 
O 

108 
O 
0 

108 
0 
0 

120 
0 

120 
O 

120 
0 

120 
0 
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Schedule P Rems_C 
Relns_C 

NET DIRECT & ASSUMED 
Earned Un-palo Ultimate Eameo Un-pald Ultimate 

Premlt~m Paid L&LAE L&LAE L&LAE Prem=um Pa d L&LAE L&LAE L&LAE 
Pnor 0 0 

1990 0 O 0 0 0 0 0 0 
1991 0 0 0 O 0 0 O O 
1992 0 0 0 O 0 0 0 0 
1993 0 0 0 0 0 0 0 0 
1994 O 1 0 1 0 1 0 1 
1995 219 336 240 576 219 338 240 576 
1996 171 0 0 0 171 0 0 0 
1997 70 0 0 0 73 O 0 0 
1998 66 0 0 0 70 0 0 0 
1999 7 O 0 0 7 0 0 0 

533 337 240 577 540 337 240 577 
Ultimate rrcJrred Loss & ALAE 

12 24 36 48 60 72 84 96 
1990 0 0 0 0 0 O 0 0 
1991 0 0 0 0 0 0 0 0 
1992 0 0 0 0 0 0 0 0 
1993 0 0 0 0 0 0 0 
1894 0 I I I I I 
1998 165 306 446 886 578 
1996 0 1 0 0 
1997 4 0 0 
1998 4 0 
1999 0 

Paid LOSS & ALAE 

12 24 36 48 60 72 84 96 
1890 0 0 0 O 0 0 O O 
1991 0 O 0 O 0 C 0 0 
1992 0 0 0 0 0 O 0 O 
1993 0 0 O 0 0 0 O 
1994 O 1 1 1 1 1 
1995 60 208 289 306 336 
1996 0 0 0 0 
1997 0 0 0 
1998 O 0 
1999 0 

Bulk & IBNR Reserves 

12 24 36 48 60 72 84 99 
1990 0 0 0 0 0 0 O 0 
1991 0 0 0 O 0 0 0 0 
1992 0 0 0 0 0 0 0 0 
1993 O 0 0 0 O 0 0 
1994 0 0 0 0 0 0 
1995 84 39 6 ~ 489 157 
1996 0 1 0 O 
1997 4 0 0 
1996 4 0 
1999 0 

Repoded Loss & ALAE 

12 24 36 48 60 72 84 96 
1990 0 0 0 0 0 0 0 0 
1991 0 0 O 0 0 0 0 0 
1992 0 O 0 0 O 0 0 0 
1993 0 O 0 0 0 0 0 
1994 O 1 1 1 1 1 
1998 81 267 398 397 419 
1096 O 0 0 O 
1997 0 0 0 
1998 0 0 
1999 

106 

0 

0 

108 

0 
0 

108 

O 
0 

108 

0 
0 

120 

0 

120 

0 

120 
O 

120 

0 
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Schedule P: PL_OCC 
PL_OCC 

NET DIRECT & ASSUMED 

Prior 
1990 
1991 
1992 
1993 
1994 
1995 176 
1999 129 
1997 140 
1998 991 
1999 1485 

4,387 
U~=mate Incurred Loss & ALAE 

12 
1990 437 
1991 O 
1992 150 
1993 174 
1994 132 
1995 52 
1999 51 
1997 83 
1998 1942 
1999 289 

PaEd LoSs & ALAE 
12 

1999 7 
1991 -16 
1992 1 
1993 14 
1994 3 
1995 2 
1996 1 
1997 0 
1998 1036 
1999 11 

Bulk & IBNR Rose,~es 
12 

1990 9 
1991 0 
1992 126 
1993 150 
1994 51 
1995 50 
1999 50 
1997 51 
19S8 299 
1999 203 

Reported LOSS & ALAE 
12 

1990 431 
1991 0 
1992 24 
1993 24 
1994 81 
1995 2 
1996 1 
1997 12 
1998 1742 
1999 

Eame0 Un-~a¢l Ul:Jmato EameO Un-pa~ Ultlrnale 
Premium Pa~d L&LAE L&LAE L&LAE Premium Pa,d L&LAE L&LAE L&LAE 

72 77 
496 303 38 401 820 528 38 566 
364 37 5 42 455 25 5 30 
282 7 0 8 352 -28 0 -28 
228 28 63 9t  285 28 115 144 
199 12 0 12 249 -2 0 -2 

73 0 73 224 56 7 62 
2 51 53 218 -26 92 57 

43 297 310 204 8 405 414 
1086 249 1335 1095 1050 399 1449 

11 281 292 1810 20 457 477 
1,992 1.026 2.617 5,512 1,959 1,599 3.189 

24 36 48 60 72 84 96 
52 191 146 147 170 183 191 

111 102 72 05 31 33 33 
104 31 31 11 1 1 9 

50 51 45 36 25 88 
48 38 29 8 11 
61 97 189 67 
42 182 53 

197 307 
1303 

24 38 48 60 72 94 
-2 17 25 25 178 178 
10 27 27 30 31 33 

1 1 1 1 1 1 
19 21 25 25 25 25 

8 8 8 9 11 
I1 87 67 67 
2 2 2 
7 40 

1054 

24 36 48 80 72 84 
15 35 0 10 0 0 
75 50 20 10 0 0 

100 30 20 10 0 0 
0 0 40 30 20 ~ 1 

40 30 20 0 0 
40 31 121 0 
40 180 51 

191 204 
204 

24 30 48 60 
37 156 140 137 
30 52 52 55 

4 1 11 1 
19 21 25 25 

8 8 8 8 
21 ~8 68 67 

2 2 2 
6 103 

1099 

72 84 
170 183 

31 33 
1 1 

25 88 
11 

108 
170 

42 

96 108 
179 170 

33 37 
8 

96 108 
0 0 
0 0 
0 

96 108 
191 179 

33 42 
9 

120 
399 

120 
358 

120 
0 

120 
396 

?.3 



Schedu leP :  P roper f y .  Shor t -Tal lL ines 
Propor ly  - Sho..'t-Tall U n e s  

NET DIRECT & ASSUMED 
Earned Un-pa=d 

Prem,um Pa~d L&LAE L&LAE 
Pnor 685 
1990 44~540 259892 11 
1991 467598 258097 -10 
1992 464489 268491 40 
1993 493330 273113 .70 
199~ 499335 282947 109 
19~5 622~13 351893 1622 
1996 559841 394629 6106 
1997 569171 419227 2716 
1998 620257 441013 839 
1999 660;325 413621 58984 

5,299.099 3,382,923 68,838 
Ul6mateln.:u~redLoss & ALAE 

12 24 36 
:990 18169 240747 239027 
1991 233807 234494 232073 
1992 242045 245220 247086 
1993 259685 249437 250298 
1094 252996 259341 259047 
1995 323230 324~38 329456 
1996 378412 369311 376748 
1997 396898 393232 391454 
1998 408883 41C~52 
1999 428379 

Paid LOSS & ALAE 
12 24 36 

1990 196518 238594 237688 
1991 201123 230835 230225 
1992 205937 240834 244885 
1993 218200 246864 2 4 8 ~ 3  
1994 231958 256951 258956 
1995 282095 313769 318783 
'996  317852 363851 365979 
1997 348748 390246 388949 
1998 368408 409927 
1999 375249 

B~lk & IBNR Reserves 
12 24 38 

1990 27233 -161 36 
1991 13980 459 929 
1992 160~6 1699 994 
1993 22684 589 631 
1994 13211 2643 694 
1995 14715 2184 514 
1996 20245 -383 588 
1997 14794 -357 -187 
1998 18536 -2388 
1999 28993 

Reported Loss & ALAE 
12 

1990 -9064 
1991 219827 
1992 225979 
1993 237001 
1994 249785 
1995 308515 
1 9 ~  358167 
1997 372104 
1998 390347 
1999 

Ultlmale Eamed 
L&LAE Premium Paid L&LAE 

259910 604612 367757 
258087 619665 336678 
268527 602137 339094 
273042 625868 339221 
283058 638010 349351 
383514 689562 453649 
400733 759148 532730 
421943 732060 515663 
441654 782489 539058 
470~04 843802 521850 

3,431,072 6,897,353 4 295,051 

48 60 72 
237908 242273 241818 
233229 233050 232836 
247574 246824 248124 
249962 248963 248393 
257554 257193 254311 
321243 324017 
370764 

Un-Daid Ultimate 
LgLAE L&LAE 

875 
35 367789 

-31 336638 
-91 339000 

-124 339096 
-28 349323 

2154 45580~ 
11646 544379 

3805 519466 
4647 543701 

87322 969176 
90210  4.384367 

84 96 
242366 241642 
233043 233087 
246220 246014 
248145 

48 60 72 
237998 241185 241001 
232118 232153 232418 
245702 246130 246027 
248651 249666 248329 
256718 256646 254211 
321168 322444 
3647~2 

1C8 120 
241644 241096 
232770 

48 60 72 84 
90 -1072 236 40 

201 273 149 11 
245 421 23 35 
738 6~ 31 -56 
-46 232 15 
905 554 
549 

84 96 '08 120 
241516 241617 241572 241079 
232934 232997 232779 
246027 245983 
248209 

24 36 48 60 72 8~ 
240908 238991 238980 242037 241778 242276 
234035 231144 233028 232777 232688 233032 
243521 246092 247329 246403 246101 246185 
248848 249687 249124 2496~7 246362 246201 
259081 258353 257600 256961 254296 
321954 328942 320338 323453 
369694 379160 370215 
393589 391641 
412440 

96 108 120 
-5 21 0 

43 -39 
-59 

96 108 120 
241647 241623 241096 
233044 232806 
246073 
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Preliminary Due Diligence of DFA Insurance Company 

Ra.lu Bohra, ACAS 
American Re-lnsurance Company 

Thomas Welst 
American Re-insurance Company 

A b s t r a c t  

This paper is a DFA case study of a hypothetical insurance company, DFAIC The study 
was completed using American Re-lnsurance's propnetary DFA model The company 
data used was provided m the Call Paper request The study evaluated capital adequacy, 
capital allocation, and underwriting performance issues Also, strategies regarding asset 
allocation and reinsurance structures were tested 

In keeping w~th the case study format of the call request, the paper was written as a 
presentation to management with a cover letter and a technical appendix This format 
dlustrates how recommendations from a DFA analysis can be effectively presented The 
presentation hlghhghts the importance of understanding management's success criteria 
and quantifying man agement's measure and tolerance of risk 

The techmcal document d~scusses how hmlted data can be used to parametenze a DFA 
model and what addlttonal data would be needed to expand the analysis 
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MEGAGroup Insurance Memorandum 

To" 
From: 
Re: 

Mr. Joseph  Merger ,  C E O  

Raju Bohra,  Thomas  Weis t  

Analys is  o f  DFAIC Acquis l t ton 

We have completed our prehmmary due ddlgence of MEGAGroup's potentml acquisition 
of DFA Insurance Company (DFAIC) Attached please find a presentation of the results 
along with a technical document detalhng our methodology 

Th~s study was performed using the Dynamic Fmancml Analys~s (DFA) model hcensed 
by MEGAGroup from American Re-lnsurance The model comprehensively reflects 
vanabdlty m both capital market condttlons and habd~ty results This study represents 
the type of dlv~dends our company can expect from ~ts investment in DFA modehng 

KEY RESULTS 
DFAIC's cap~tahzatlon exceeds levels generally required for solvency However, 
solvency analysts only reflects extreme rum probabdmes From an investor's 
perspective, the company has a material level of potential capital loss 

The reinsurance structure should include an acctdent-year stop loss (AYSL) cover 
with hmlts of 10% excess of a 70% LALAE ratio This would provide valuable 
protection to the company's net results 

The asset allocation should be changed to increase the company's level of equity 
holdmgs to 22% It ~s currently 12% on a market basis. An increase in equtty 
exposure would provide a favorable nsk/reward tradeoff 

Return dJsmbutlons for each of DFAIC's hnes of business have been calculated based 
on our allocation of capital. On a risk adjusted return bas~s, both the PPA and CA 
habdtty hnes are performing worse than the company average. 

The purpose of th~s study is to prowde quanmatwe support to management The study 
was completed given the data provtded When addmonal reformation is avadable a more 
comprehensive study can be performed The types of additional data that would be 
useful are hsted in the techmcal document More importantly, however, a greater 
understanding of management's ob.lecuves and risk tolerances would greatly facd~tate 
future modehng and result analysts Th~s ~ssue ~s tllustrated m the presentation 

We feel thts study prowdes a good starting point for dtscusslon A bastc sense of how the 
answers vary m response to changing assumptions and nsk tolerances can be seen from 
the various risk return charts included m th~s study 
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Analysis of DFA Insurance 
Company (DFAIC) 

Using Dynamic Financial Analysis 

Introduction 

• MEGAGroup's  Strategmc Analys~s Department evaluated 
the potential acqulsmon of DFA Insurance Company 

• The analysis was performed using Dynamic Financial 
Modehng techmques. 

• Data for the study was basically hmlted to pubhcly 
avadable mformat~on 

• The study can be refined with addmonal data 

• A techmcal document detathng the methodology used for 
the study ~s attached 
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Scope of Study 

• Q u e s t i o n s :  

- Is the company adequately capitalized? 

- How efficient is the reinsurance structure? 

- How efficient is the asset allocation? 

- How should capital be allocated to lines? 

- What is the return distribution for each line? 

DFA Model Used 
A stmulatton model, hcensed from Amencan Re-lnsurance 
Company, reflectmg vanabthty m economxc, capttal 
market, and habthty condtttons 

The model mcludes the followmg modules 
- Economic module to generate future states of economic variables 

and capital market condttlons 

- Asset module to pace current asset portfolio and implement target 

investment strategy 

- Llabd~ty module to project loss, expense and premium results 

- Reinsurance module to model the tmpact of all reinsurance terms 

- Accounting module to bring together all balances, cash flows and 
accruals into an accounting framework and reflect taxes 
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DFA lVlxtel 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

klu ~Ol~a~aS,  t ~ - -  

: r,,, 

Model 
g 

A s s u m p t i o n s  

• Due to hmlted data, certain assumptnons were made 
- P ro j ec t ed  loss  ra t ios  w e re  b a s ed  o n  h is tor ica l  a v e r a g e s  

- S t a t ed  rese rves  w e re  used ,  a s s u m i n g  n o  d e f i c i ency  o r  r e d u n d a n c y  

H o w e v e r ,  v an ab d n t y  w as  i n t ro d u ced  

- P r e m m m  g r o w t h  and  loss  t rends  w e re  m o d e l e d  to be  flat  

- Bas e  ta rge t  asse t  a l l e~a t ton  w as  set to the cu r ren t  a l l oca t ion  

• Other assumptions regarding parametenzatton of the 
model are dxscussed m the techmcal document  

• These assumptmns  do not matenally nmpact the study 
conclustons However, addmonal data would allow 
expansion of the scope and detail of  the study 
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Capital Adequacy 

Capital Adequacy 

• Capttal adequacy is a measure of a company's  ablhty to 
pay all potenual obhgattons. 

• Surplus ts exposed to the following nsks.  
- A s s e t  r i sk  - de fau l t  o r  d r o p  in the  v a l u e  o f  a s se t s  

- In teres t  rate r i sk  - d r o p  in asse t  va lues  d u e  to in te res t  ra te  c h a n g e  

- Cred i t  r isk  - de fau l t  on  r eco v e rab l e  f r o m a g e n t s  and  r e i n s u r e r s  

- R e s e r v e  r i sk  - r e se rves  d e v e l o p  ad v e r s e l y  

- P r e m m m  rl~,k - cur ren t  b u s i n e s s  lo s ses  w o r s e  than  p l an  
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Capital Adequacy 

Rating agencies use a schedule of nsk charges to compute 
capital requirements, then rank compames based on 
relative capital strength 

Using DFA, a complete probabd~ty graph of a company's 
ending surplus can be calculated Using this graph, more 
detaded capital adequacy measures can be developed 

A probabdtty graph of DFAIC one-year ending surplus is 
displayed on the following shde 

oo, I 

DFAIC - Probability of Ending Surplus 

f 

o ~  

= 

, o  

°1 o ~  

ao; ~ - -  

I 

o o o o  o o o o o o  . . . . . . . . . . . .  ~ N ~ .  

End~g  Su~ Ius  ( $b )  
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Capital Adequacy 
• As the graph shows, there is a very small probabdlty 

DFAIC's surplus will be insufficient. However, the 
probablhty of surplus dechne ts significant 

• Measures used to quantify probabdlty of insolvency are 
- Probabdliy of  Rum probabdlty that surplus wdl be exhausted 

- Expected PohcyhQIder Deficit quantifies degree to which surplus 
may be exhausted relauve to expected loss 
Above measures are analogous to rating agency calculattons 

• Measure used to quantify probability of surplus declme: 
- Exoected Default Loss Rate quantifies degree to which surplus 

may be reduced relative to retrial capital 
Analogous to bond default rates m the capttal markets 

Capital Adequacy 

D F A I C  Cap i t a l  S a f e t y  L e v e l s  

Risk 
Measure 

Probabdlty of Rum 

Level Implied by 
Current C a p i t a l  
1 in 10,000 years or 

0.01% 
Expected Pohcyholder 

Deficit 0.5% EPD 
Expected Default Loss 

Rate 2.66% EDLR 
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Capital Adequacy 
• This study indicates that the company is very well 

capltahzed. However, further data concerning extreme 
loss events are needed before the results of  this study can 
be considered defimtlve 

• The Probabdtty of  Ruin and EPD measures calculated are 
well within the thresholds rating agencms generally 
associate with highly capltahzed insurers 

• The results of  th~s study would provide statistical support 
for raising the company ' s  rating or allowing a release of 
capital dunng  rating agency dtscusslons 

I 

D 

Capital Adequacy 
From an investor v~ewpomt, probabd~ty of surplus dechne 
~s as ~mportant as insolvency nsk  

The Expected Default Loss Rate (EDLR) calculated for the 
company ~s 2.66% 

Moody's Inve~tor Servtce categonzes bonds with a one- 
year default rate of  2.66% as speculative ("junk") grade. 

To reduce the company ' s  EDLR to 1% ("investment") an 
addmonal $200md of capttal would bc needed 

AItemauvely,  addmonal reinsurance, parhcularly a stop- 
loss cover, would reduce the EDLR to 1% This strategy Is 
discussed m the following section 
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Reinsurance Structure 

Reinsurance Structure 

• Reinsurance  ana lys i s  is based on e x a m i n i n g  the r isk return 
t rade-off  of  var ious  a l ternat ive  structures.  

• Ra t iona l ly  pr iced re insurance  provides  a reduct ion of  r isk 

at the cost  of expec ted  return (margin) .  The  a l te rna t ives  in 

this s tudy were  pr iced us ing internal  pr ic ing  models .  

• The  key  issue  is the r isk to lerance of  the buyer:  

- Less reinsurance generally increases expected return. 

- More reinsurance will reduce risk for risk-averse buyers. 
- Need to determine the point where the trade-off is favorable. 

• It is impor tant  to def ine a r isk measure  in a l i g n m e n t  with 

the buye r ' s  r isk tolerance.  
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Reinsurance Structures 

For this study,  four risk measures  were  ana lyzed  for the 

current  structure and the al ternat ive structures:  

- Standarddeviatton oferuling surplus: (Analytical) This measure is 
used in classical investment porlfolio analysis. However. it is not a 
good measure of downside risk which is the focus of reinsurance. 

- Probability o f  surplus decline > 25%: (Rec, ulatorv) Such a dechne 
would probably mgger regulatory action. 

- Probability o f  surplus dechne > 10%: (Rati02 a2ency) Such a 
decline would probably trigger a rating downgrade. 

- Probability o f  surplus decline > 0%: (Investorl Such a decline 
would be analogous to a loss of principal on an investment. 

Reinsurance Structure 
• Acc iden t  year  stop loss ( A Y S L )  covers  were  tested since 

they address  the fol lowing issues facing DFAIC:  

- Volatility in net results 

- Sizeable catastrophe net PML after current reinsurance 

- Frequency of small retained weather losses 

- Significant probability of surplus dechne 

• Four  re insurance structures were  tested: 

- Current program 

- Three AYSI,: 10%x70%. 20%x70%, 30%x70% (Loss and ALAL:) 

• Insuff icient  data was avai lable  to test a l ternat ives  to the 

c o m p a n y ' s  excess  of  loss and catas t rophe covers .  
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Reinsurance Structure 

• The following charts show the risk return trade-off for the 
four structures under the various nsk  tolerance levels 

• Also followmg ,s a table of  ratms that quantify the risk 
return trade-off. The ratto ~s defined as' 

(Pct change m return measure) 
(Pct change m nsk  measure) 

A ratio below 100% is favorable as relatwely more risk 
protcctmn ts being afforded than expected margin charged. 
Negattve rattos are unfavorable as risk ~s increasing. 

1 790 

1 785 

== 1 780 
-~¢n 1 775 t'~_.~ 

u~ 1 770 

1 765 
:E 
I~ 1 760 

1 755 
1 750 

0315 

R e i n s u r a n c e  C o m p a r i s o n s  - A n a l y t i c a l  

AVSL ~ r 0  

0 320 0 325 0 330 0 335 
Risk - Std Deviation Ending Surplus ($b) 

0 340 
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I T~"D - 

Reinsurance Comparisons - Regulator 

o ~  o re% o lo% o1~  o~a~  o~% o :~  O~F .  O,m% 

Risk - Probabi l i ty  of Su rp lus  Decl ine > 25% 

Reinsurance Comparisons - Rating Agency 

i! i 

Rlsk  • Probabl l l ty  of Su rp lus  Drop > 10% 
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R e i n s u r a n c e  C o m p a r i s o n s  - I n v e s t o r  

~.~o 

Risk - Probabi l i ty  of Su rp lus  Drop • 0% 

Reinsurance Structure 

, [ 
t Model Results Trade-off Ratios 
Reinsurance~- Avg. St.Dcv. Drop Dcop I~op Amd~n~ ~ [ ~ c  R~in| tov~ 

Current 
Stj.UCtUl. e [Sl.786b $0336b 0.36% 1.20% 8.12% Bla¢ ~ Baxc Ba~ 

AYSL 
10x70  $1772b $0.3~5b 02.4% 0.52% 6.76% 26.1% 2.4% 1.4% 4.7% 

A Y S L  $0321b 018% 046% 8.4g% 456% 26% 5.7% (2.6) 
A 2 0 x 7 0  Y S L  $ 1.760b 3a .s% 

3 0 x 7 0  $1.752b $0317 0.10% 048% 9.76% 1.0% (10.$) (30) 
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Reinsurance Structures 

• As the exhibits show, the "best" reinsurance structure 
depends on the selected risk tolerance. 

• At lower risk tolerances (e.g. Analytical, Regulatory, and 
Rating) buying additional reinsurance is almost always 
favorable since the focus is on extreme events. 

• At an Investor level, the focus is on protecting against 
surplus decline. Here the high costs of  excessive 
reinsurance will be evident. 

• The study indicates that purchasing AYSL coverage up to 
10% would make sense, but greater coverage is too costly 
except for a very low risk tolerance level. 

Asset Allocation 
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Asset Allocation 

The DFA model was used to evaluate varying the asset 
allocation using a risk return framework. 

For insurers, diversification possibilities exist if 
movements in capital market prices are assumed 
uncorrelated with changes in liability results. 

Six strategies were evaluated: 

- Current ,asset allocation, stock holding equal 12% 
- Stock holdings of 17%, 22%. 27%, 32%, and 37%. 

Asset Allocation 

• Each strategy was run through the model over five years. 

• The return measure used was five year ending surplus. 

• The risk measure used was standard deviation of surplus in 
keeping with classical investment portfolio analysis. 

• An allocation is efficient if its return cannot be increased 
without increasing risk. 
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Asset Allocation 

The following ch',wt shows the risk-return trade off for the 
six asset allocations. 

Like the reinsurance analysis, trade-off ratios were 
calculated. The ratio is defined as: 

(Pct change in return measure) 
(Pet change in risk measure) 

For this comparison, ratios above 100% are favorable as 
relatively more expected return is being afforded than risk. 
Negative ratios reflect inefficient portfolios. 

A s s e t  A l l o c a t i o n  C o m p a r i s o n  

4,100.000 

°°°°1 / 
3900.000 

= 

3,800,000 

_= 

:~ 3,700.000 

E * ~  bin,,,, = I ~. a 
• 3 600 000 

3 500,000 I [ 
7BO,O00 800.000 820,000 e.40,o00 B60,O00 BBO.O00 900,000 920.~0 940.000 

R i s k  - S t a n d a r d  D e v i a t i o n  o f  S u r p l u s  A f t e r  5 Y e a r s  
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Asset Allocation 

Allocation 
Strate~ 

Current 12% 

Equities 17% 

Equ ties 22% 

Equities 27% 

Equities 32% 

Equ ties 37% 

Model Results 
Average Std Dev 
Sun~lus Stl~l~ 

$3.542b $0.793b 

$3.638b $0.798b 

$3.741b $0.814b 

$3.846h $0.841b 

$3.952b $0879b 

,~.059b $0.926b 

Trade-off 
R a t i o  

Base 

403% 

140% 

85% 

61% 

50% 

Asset Allocation 

As the exhibits show, the current allocation is efficient. 
However, increasing the allocation of  equities to 22% 
provides a favorable risk return trade-off. 

Other aspects of  investment strategy that can be evaluated 
in this manner  include: 
- Duration of the fixed income portfolio 

- Average credit risk of asset portfolio 

- Mix of taxable and non-taxable holdings 

- Impact introducing securities with callability risks 

43  



Capital Allocation & 
LOB Return Distributions 

Capital Allocation 

• Profitability across line of business can be measured by 
risk adjusted ROE. 

• The capital allocation to lines is based on the relative 
contribution of each line to the company 's  overall risk. 

• ROE by line is then calculated using the formula: 
( Ne t lncome  ~ ) 

/ Allocated Capital 

• Each line can now be evaluated on a common basis. 
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Capital Allocation 

• However, the variability of a line depends on the order in 
which lines are analyzed. Often the diversification benefit 
of new business is not distributed to existing business. 

• Also, most by-line risk measures usually do not add up Io 
the total company risk measure. 

• This often leads to an allocation of surplus which is not 
conducive to the stability of the group. 

• In this study, Game Theory techniques were used to 
alleviate these problems, yielding an allocation that is 
order-independent, additive, and slable. 

Capital Allocation 

• The next exhibit displays the ROE results for each line. 

• Following the chart are graphs displaying the distribution 
of ROE for each line. 

• Based on the model results, both PPA and CA Liability are 
performing worse than the company average. 

• Homeownq.rs has the greatest variability of results due to 
catastrophe exposure. 
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Capital Allocation and ROE 
Line of ( Net Eamcd Average Allocated Avcragc Sld Dcv. 

Business Premmm Net Income Capital ROE ROE 
i 

All.Other $60.9m $6.0m $38.2m 15.7% 25.8% 

CA Liab $162.5m ($0.3m) $71.3m (0.5%) 3,.t..9% 
i 

CMP " $335.0m $12.8m $223.4m 5.7% 22.0"/o 

Home I $344.0m $9 Im $216.5m 4.2% 163.6% 

PPA Liab I $602.1m ($23.2m) $386,7m (6 0%) 20.5% 
Short 

Property $659.0m $569m $485.1rn I 1.7% 13 2% 
Workers [ 
Comp.._ $208.7 $8.2m $182.9m 4.5% 19.8% 
ALL I 

LINES $2,372. I m $69.5m $1,604. I m 4.3% 27.2% 

All L ines C o m b i n e d  - ROE Probabi l i ty  
Distr ibut ion 

1 _ 

- I 00% -50% 0% .50% 

Return on Eqully 

100% 
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-100% 

CMP - ROE Probabil i ty Distr ibution 
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0:1  
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R e t u r n  o n  E q u i t y  

i 

Homeowners - ROE Probabil i ty Distr ibution 
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R e t u r n  o n  E q u i t y  
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Workers' Compensation - ROE Probability 
Distribution 

[ - -  '0~ 

i -0:18-I--.F~ 
. 0 , , 0 f - - ~  . . . .  

--0.-1 - - -  

o 

"i 
I ' " " 0 ' .  - 

- 1 0 0 %  - 5 0 %  0 %  5 0 %  

Return on Equity 

100% 

Next Steps 

• Gain better understanding of management ' s  return criteria 
and risk tolerance. 

• Gather additional data to expand scope and detail of  study. 

• Calculate a probability distribution of the economic value 
of DFAIC to evaluate the proposed purchase price. 

50 



ANALYSIS OF DFA Insurance Company 
Technical Document 

SCOPE 

We dynamically modeled the entire asset and hability structure of  the company.  
Asset/Liability integration occurs through the use of links to a common economic model. 

The starting point for the analysis was the year-end balance sheet, and other financial 
statements including Schedule D and P. 

ECONOMIC MODELING 

The economic scenario gcnerator models relationships among economic variables with 
stochastic difference equations. The equations were calibrated using historical data. The 
economic model is multi-period and captures risks both within and across time ~. 

User inputs specify the current economic environment and expectations for long-term 
median trends, i.e. mean reversion parameters. The model then generates plausible time 
series outcomes for each variable for future economies using simulation. 

The fo l lowing are the environmental variables o f  the economic model. We have also 
noted the data sources used to parameterize the init ial state o f  the model. 

1. Money Supply Growth 
The M2 Growth statistic is taken from the Ibbotson database as of  10/1999. The data m 
the database is collected monthly. Instcad of annualizing the 10/1999 value, we 
calculated the annual M2 growth over the latest 12 months. 

2. Monetar~ Velocity Growth 
V2 growth is calculated from M2 Growth and GDP Growth. The formula is 

[ V 2 _ Growth = (l + M 2 _ Growth).  (l + G D P _  Growth) - I I 

i Berger, A., and Madsen. C., "A Comprehensive System for Selecting and Evaluating DFA Model 
Parameters," CAS Forum, Summer 1999, Dynamic Financial Analysis Call Paper Program, p. 5 l, 
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3. GDP Growth (Rea'l) 
GDP growth is modeled as real GDP Growth. This is the number  customarily quoted in 
the financial press. Usually GDP is indexed to a base year to adjust for inflation. 

For our model we used the GDP growth statistic released by the Commerce  Department 
as of  the I s~ quarter, 2000. We used the trailing 4 quarters of GDP growth rather than the 
latest annualized growth figure. 

4. Inflation 
The Consumer  Prince Index was selected as a measure of inflation in the economy. We 
used the figures available is as of May 2000. We calculated the inflation rate over the 
previous 12-months rather than annualizing the latest monthly data. 

5. S&P 500 Earnings Growth 
The S&P 500 web site posts several statistics and estimates for the S&P 500 companies.  
The projected growth rate for the group is 19% next year. 

6. S&P 500 Earnhtgs Yield 
Earnings Yield is calculated as I / Price-to-Earnings Ratio, which is a statistic readily 
available on the S&P web site. Price over the trailing 12-month earnings is the 
customary way of  calculating the P/E ratio. Per S&P, this PIE ratio is 27.87. 

7. S&P 500 Dividends YieM 
This statistics also came from the S&P web site. 

8. Interest Rate and Yield Curve 
The interest rate and yield curve was based on the on the US Treasury Yield Curve. 

Ini t ia l  E c o n o n f i c  P a r a m e t e r s :  

I E c o n o m i c  Mean  
V a r i a b l e  ~ C u r r e n t  . R e v e r s i o n  

i 

M2 Growth 0.060 0.060 
V2Growth  " -0.015 ' -0.015 

i J J 

GDP Growth 0.045 
' Inflation i 0.035 , ' 0.035 

Ecluitv Earn Growth 0.100 0.100 Equity Earn Gr 
Equity Earn Yield 
Equity Div Yield 

0.040 0.040 
i 

0.015 0.015 

Interest  M e a n  
Rates  C u r r e n t  Revers ion  
3 months  0.0582 0.0488 
6 months 0.0621 

i 

0.0610 1 year 
2 years 
3 years 
5 )'ears 
7 years 
lO years 
20 years 
30 years 

0.0629 
0.0634 
0.0616 
0.0607 

0.0548 

0.0597 
0.0598 

i 

0.0598 0.0598 
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ASSET MODELING 

In setting up the company's asset portfolio, limited data from Schedule D was available. 
Ideally, for analyses where investment strategy is relevant, more detailed asset 
inforrnation by specific holding would be provided. 

Based on the data given, an asset portfolio was constructed by creating broad asset 
classes. The modeled portfolio was set to match the company portfolio with respect to: 

I) Asset allocation (cash, bonds, equities, and other) 
2) Taxable and tax-exempt holdings 
3) Average duration of bonds (years to maturity set to term) 
4) Average credit quality 
5) Coupon rates that result in expec/ed bond income 

Fixed income valuation is performed using market yields based on the projected yield 
curve adjusted for a credit spread. Equities were modeled as the S&P 500 index in the 
economic model. 

Init ial  Inves ted  A s s e t  Port fo l io  

Asset 
Class 
Cash 

Market Term 
Value (=YTM) 
$869,870 

Coupon Yield 
Rate Spread* 

Common Stock $236,120 
Preferred Stock $327,085 
UST IYR $10,173 1 8.00% 
UST 3 YR i $262,238 3 8.00% 
UST 12YR : $14,199 12 8.00% 
MUNI IYR $94,154 '1 1 6.00% -0.11% 
MUNI AA 5YR I $698,317 / 5 6.00% - 1.64% 

$1,641,392 
$212,602 

12 
20 

MUNI AA 12YR 
MUNI AAA 20YR 

6.00% 
6.00% 

- 1.40% 
-1.28% 

CORP 1YR $13,653 1 8.00% 0.20% 
CORP AA 2YR $122,455 2 8.00% 0.30% 
CORP AA 5YR $197,255 5 8.00% 0.37% 
CORP AA 10YR $51,314 10 8.00% 0.52% 
JUNK MUNI 5YR $6,255 5 6.00% 6.25% 
*Yield spreads were based on market rates. For municipal bonds the yield ,spread was 
set below zero to reflect ta.r-exempt status. 
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LIA BILITY MODELING 

The objective of liability modeling ~s to reflect the impact of the company ' s  liabilitics on 
capital and profitability evaluation, asset/liability management ,  and reinsurance structure 
analysis. 

The model captures the following basic aspect of  the liabilities: 
I) Expected values of  losses and reserves and variability 
2) Correlation between liability groups 
3) Payment patterns for liabilities with variability 
4) Premiums and expenses reflecting collection, earning, and payment  patterns 
5) Trends for losses, premiums, and expenses 

Methodology is described below for both prospective business and existing reserves. 

Prospective Business 

The company was modeled assuming level premium writings and losses based on 
historical averages. If a business phm is available, prospective modeling should reflect 
the company ' s  prqjections to some degree. The company ' s  business was grouped 
according to Schedule P lines. Ideally, the model should group business on a basis that 
reflects how the company manages its operations. 

Generally, business should first be modeled on a direct or gross basis. The impact of the 
current reinsurance structure on direct results would then be modeled to arrive at net 
results. In this case, all business was modeled on a net-of-reinsurance basis. This was 
done due to a lack of detailed information about the current reinsurance structure. In 
using historical net data, an implicit assumption was rnade that the reinsurance structure 
has not changed over time. 

Premiums and Expenses 

For this study, premium and expenses were modeled as non-stochastic variables. 
Premiums were set flat and expenses were set uniformly across all lines. Since projected 
premiums and expenses were not adjusted for changes in exposure or inflation, no loss 
trend was applied to projected losses. Also, in this analysis, losses include ALAE. 

Losses (including A LAE) 

Losses for each line can be modeled either in aggregate or by separate frequency and 
severity components.  Data concerning large losses would be needed to perform separate 
frequency and severity modeling. 

54  



In this case, losses were modeled in aggregate using Schedule P loss ratios. Historical 
rate change, exposure, and trend information would be needed to bring the information to 
current levels. 

Losses for each line of business were fit to a Iognormal distribution. For this study, the 
homeowners line was split into catastrophe and non-catastrophe groups. The catastrophe 
bracket was parameterized using the fact that the company ' s  net PML for a l- in-100 ye,'u- 
catastrophe event is $160mil. This provided the 99 m percentile of  the net catastrophe 
distribution. A rough estimate of the average retained catastrophe loss was made using 
net and direct Schedule P losses for homeowners.  Based on these two points a Iognormal 
distribution was fit. The non-catastrophe homeowners line was parameterized net of  the 
modeled catastrophe losses. 

P r o s p e c t i v e  B u s i n e s s  P a r a m e t e r s  

Historical Data Parameters I L o g n o r m a l  Fit ted Pa rams .  
LINE I Mean Std. Dev. Mu 

212,326 HO - xCAT %000 
CoW° 

0.042 
754.649 

12.265 
S igma  

0.043 
HO - CAT 25,000 18,866,213 3.501 3.640 
PPA - Liab ! 439,214 42,993 0.098 i 12.989 0.096 

11,514 
24,806 

CAT - Liab 
WorkComp 
Comml MP 

0.099 11.655 
0.171 11.872 

115,850 
145,123 

Short Prop 
All Other 

0.102 
0.171 

221,173 28,879 I 0.131 12.299 0.132 
387,456 50,295 I 0.130 12.860 0.130 

6,639 37,140 0.179 I Use Normal Distribution 

Correlation 

Next correlation of losses between lines of business was estimated based on historical 
loss ratios. The empirical results were highly volatile as would be expected using limited 
data. The average correlation across all lines was slightly under 25%. This was selected 
as the correlation parameter between all lines of  business. The catastrophe group was 
assumed to be uncorrelated with the other lines. 

No correlation was assumed between prospective lines of business and run-off of  existing 
reserves. If the setting of reserves depends in large part on expected or historical planned 
loss ratios, then reserve development may co-vary with movements  in the prospective 
losses. This can be particularly evident in long tail lines and reinsurance. Sufficient 
information was not available to model this effect. 

PaFment Patterns 

Payment patterns for each linc of business were based on the historical loss development 
shown in Schedule P. Payment pattern variability was introduced using a method that 
applies wtriability to the reserve disposal rates using a symmetrical  beta distribution. The 
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variability used in the beta distribution was based on the variability in the historical 
development patterns. 

Existing Reserves 

The stated reserves for each line were assumed to be accurate. No attempt was made to 
test the reserves for adequacy. A recent reserve study would have been useful in this 
regard. 

Payout patterns for the reserves were calculated using the accident year payment patterns 
in Schedule P data and convening  to a stream of future calendar year payments.  

Although the expected value of the reserve hability was set to the carried amount,  the 
possibility of adverse or favorable reserve development was introduced. In other words, 
the ultimate reserve amount  was modeled as random variable with an expected value set 
to the held reserve. 

Reserve variability by line was modeled using a method analogous to the payment  pattern 
variability method described above. For this purpose, the modeled variability in each 
age-to-ultimate development factor was used to get a distribution of ultimate losses for 
each accident year. Paid losses to date were subtracted from the modeled accident year 
ultimate losses to arrive at a distribution of reserves. This methodology has the desirable 
quality of  decreasing reserve v,'triability as accident year maturity increases. 

REINSURA NCE MODEL 

The purpose of reinsurance modeling is to reflect the impact of  the current and proposed 
reinsurance structures on the results of  the company. 

To parameterize the module, detailed information about a reinsurance structure is 
required, including: 

1) Coverage terms for each cover, e.g. retentions, limits, etc. 
2) Rates, commissions ,  and profit-sharing terms 
3) Subject business definitions 
4) Inuring relationships 
5) Cash flow impacts, e.g. collection and payment schedules 

The model is capable of  handling losses in aggregate or on a claim level depending on the 
detail of  liability modeling. Claim level losses and reinsurance terms can be specified on 
a per-claim or occurrence basis. 

For DFAIC, the reinsurance struclure was not described in detail. However, as the 
liability modeling was on a net basis, the base case results of the model can be said to 
model the current structure implicitly. 
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Alternative Structures 

The study was not able to consider changes to the company's  excess of loss retention or 
catastrophe program retention. This would have required additional data such as a large 
loss listing or output distributions from a catastrophe model such as RMS. 

Alternative reinsurance structures on top of the current structure were modeled, however. 
This was done in the form of  accident year stop loss (AYSL) covers. The model was 
used to evaluate the ability of these covers to reduce the volatility of the company's  net 
results at an acceptable price. 

Three levels of  AYSL coverage were considered: 10%, 20% and 30% coverage in excess 
of a 70% loss and ALAE ratio. Prices for these treaties were estimated using a pricing 
model for AYSL reinsurance. The pricing reflccted not only expected losses and 
expenses, but also a risk load based on the variability of ceded losses. Tile DFA model 
will have to be updated to the extent actual market prices are different. 

Reinsurance Alternatives ($000) 

Alternative #1 Alternat ive #2 Alternative #3 
At tachment  70.0% 70.0% 70.0% 
Limit I • 10.0% 20.0% 30.0% 
Ceded P remium $35,000 $50,000 $60,000 
Expected Loss $16,088 $17,248 $17,867 
Std. Dev. Loss $42,196 $50,147, $56,684 

CAPITAL ADEQUACY 

Capital adequacy is a prospective measure of the expected value and volatility of a 
company's  surplus. Regulatory and Rating agencies are concerned with the probability 
of insolvency of a company. This can be evaluated by analyzing the outcome probability 
distribution of surplus. For regulatory agencies, this is usually done on a statutory basis. 
Rating agencies often make some economic adjustments to surplus. 

Two measures were used to calculate capital adequacy from an insolvency perspective: 

Probabil i ty of  Ruin - This measure reflects the probability that the company will have 
negative surplus under simulated conditions. Often a "safety level" is selected. This 
represents the percentile of ruin. Then a required surplus number is calculated that 
results in probability of insolvency below the safety level. The required surplus is 
compared against the actual surplus to measure capital adequacy. 
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Expected Policyholder Deficit (EPD) - This measure reflects not only the probability of  
insolvency but also the severity of insolvency under simulated conditions. EPD is often 
stated as a percentage of expected loss. 

Expected [min(0.sirnulated ending surplus)] 
EPD Ratio = 

Expected [Losses] 

The distribution of surplus can also be used to determine the probability of  surplus 
decline. A measurement  of  this type would be of interest to an investor concerned with 
the preservation of investment principal. A measure of this type is Expect Default Loss 
Rate on Surplus" (EDLR). EDLR can be used to evaluate adequacy of capital in a 
manner analogous to how bonds are evaluated by rating agencies based on their default 
rates. 

Expected Defaul t  Loss  Rate  - This measure reflects of the probability of any surplus 
decline. This is stated relative to current surplus. 

Expected Jmin(0,current surplus - simulated ending surplus)] 
EDLR Ratio = 

Current Surplus 

C A P I T A  L A L L O C A  T I O N  

Capital allocation to lines of business should be based on the relative contribution of each 
l ine's  risk to tile company ' s  total risk. In this study, capital allocation was performed 
using the relative variability of  net income by line of busincss. 

A method based on Game Theory 3 techniques was employed to fairly allocate capital. 
This ensured the surplus requirements by line added to the company total.  Also, it 
resulted in diversification benefits being equitably shared among all lines. 

The allocation scheme was based on Shapley value calculations. Since the risk measure 
used was variance of results, the Shapley value is represented by: 

Shapley Value = Var[division] + Cov[Rest of  company,  division] 

When the Shapely value is compared to the formula for marginal variance, 

Marginal variance = Varldivision] + 2 x Coy[Rest of  corrtpany, division] 

the Shapley valiae sphts the covariance evenly among divisions. 

2 Mango, D., "Capttal AIIncatinn and Adequacy Usmg Dynamic Financial Analysts," CAS Forum, Summer 
2000. Dynamic Financial Analysis Call Paper Program. p. 55. 
3 See Mango 121. 
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Abstract 

As a result of published papers, shared research and call paper programs such as this 
one, the technical specifications behind Dynamic Financial Analysis (DFA) have been 
well developed. This has led to a high level of convergence among many of the different 
concepts, models and processes behind DFA. The next logical step in promoting DFA is 
to show how these models and processes can be implemented to produce value to the 
insurance industry, its policyholders and its shareholders. 

This paper has been submitted in response to the Committee on Dynamic Financial 
Analysis 2001 Call for Papers. The authors have applied dynamic financial analysis to 
DFA Insurance Company (DFAIC) to address the efficiency and effectiveness of 
DFAIC's reinsurance programs and asset allocation strategies. The DFA model used 
for this analysis was the Swiss Re Investors Financial Integrated Risk Management 
(FIRM TM) System. This paper is Part 1 of a two-part submission. Part 2 deals with using 
DFA to explore capital adequacy and capital allocation issues. 
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Dynamic Financial Analysis 
DFA Insurance Company Case Study 

Part I: Reinsurance and Asset Allocation 

By John C. Burkett, Ph.D., ACAS, MAAA, 
Thomas Mclntyre, FCAS, MAAA 

and Stephen M. Sonlin, CFA 

Preface 

Dynamic Financial Analysis (DFA) is still fairly new to a property-casualty insurance 
industry whose roots can be traced back to the 17 ~ Century end earlier. As such it is not 
surprising that the industry is cautious about a technology that purports to look at their 
business in a whole new way. The Casualty Actuarial Society, being active in the 
formulation and development of DFA, has classified it as: 

"a systematic approach to financial modeling in which financial results are 
projected under a variety of possible scenarios, showing how outcomes might be 
affected by changing internal and~or external conditions~." 

As a result of published papers, shared research and call paper programs such as this 
one, the technical specifications behind DFA have been well developed. This has led to 
a high level of convergence among many of the different concepts, models and 
processes behind DFA. Unfortunately, while the details of DFA are better understood, 
the industry is still scratching its collective head on what to do with this new technology. 

Part of the problem has to due with the fact that DFA is considered to be a modeling 
tool, one that can be used to supplement existing tools. While a modeling tool is 
essential for implementing dynamic financial analysis, it is just one element of a much 
grander picture. More than a model, dynamic financial analysis is a way of thinking that 
weaves through the entire operations of an insurance company. Effective dynamic 
financial analysis calls for dedicated and knowledgeable professionals who are trained in 
the intricacies of DFA and enabled to identify and take advantage of current industry and 
company inefficiencies. DFA promotes moving from existing structures designed to 
evaluate and reward the individual pieces of the business to a structure that encourages 
and rewards the evaluation of strategic decisions in a holistic, total company framework. 

1 Casualty Actuarial Society Dynamic Financial Analysis Website, DFA Research Handbook, 
http:/Iwww.casact.orglRESEARCHIDFA 
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For these reasons we were excited to embrace this call paper program exercise. While 
the original concept may have been designed to evaluate different DFA modeling 
techniques and the resulting analyses as they relate to a common problem and common 
data, we decided it was a perfect opportunity to show how DFA might work in the 
insurance company of tomorrow. The ultimate benefit to the company is not just the final 
answer, but rather the increased understanding and the common grounds of 
communication that comes from going through the DFA process. 

The proposed situation involves DFA Insurance Company (DFAIC), a multi-line property- 
casualty insurance company that is unknowingly the target of a potential acquisition. 
The analysis was conducted from the point of view of the acquiring company. We will 
define the acquiring company, Falcon, as a newly capitalized holding company that is 
organized and structured to run its business in a holistic manner. As such Falcon has a 
financial risk management unit led by its Chief Risk Officer (CRO) who reports directly to 
the CEO. The CEO has asked that the following questions about DFAIC be addressed: 

1. Is the Company adequately capitalized? Is there excess capital? How much capital 
should the Company hold as a stand-alone insurer? 

2. How should the capital be allocated to line of business? 

3. What is the return distribution for each line of business and is it consistent with the 
risk for the line? 

4. Should the Company buy more or less reinsurance? What type? How efficient is its 
current reinsurance program? 

5. How efficient is the asset allocation? 

In a traditional insurance company these questions would be farmed out to different 
business units within the organization. These units would include but not be limited to 
the actuarial department, the reinsurance department and the investment department. 
Each unit would perform their stand-alone analysis and report back to the CEO using 
terminology and metrics appropriate to their assigned task. The CEO would be left to 
assimilate all the individual analyses and use her professional judgment and insights to 
build a complete picture of the attractiveness of the potential acquisition. 

Falcon, however, is organized in such a way that the complete analysis can be 
performed within the financial risk management unit with input from professionals in 
each of the above-mentioned departments. The results of the analysis can thus be 
presented to the CEO using a single set of terminology and metrics that consider both 
the individual and joint dynamics of the issues in question. 

Due to the scope and breadth of the required analysis, we will present the DFA study in 
two papers. This paper will deal with the efficiency of the reinsurance and asset 
allocation strategies and a sister paper will concentrate on capital allocation and capital 
adequacy issues. Note that despite breaking the analysis up into two papers, the overall 
analysis is the result of a common DFA model and process. 

DFA, being holistic, allows a company to deal with all of its major strategic decisions 
simultaneously within a single framework. As such it is not unusual to have an analysis 
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that continuously revisits these strategic levers in what we call the DFA spiral, This is in 
contrast to the traditional approach in which these strategic decisions are evaluated 
each in their individual silos. Figure 1 gives a graphical picture of these two different 
approaches. 

Figure 1 

Traditional Analysis Dynamic Financial Analysis 

I I 

Reinsurance 
Asset 

Allocation 

Capital I 

Adequacy I 

Unfortunately, a paper does not easily lend itself to a spiral analysis, so for the sake of 
convenience we will first complete a single loop around the DFA spiral holding the 
strategic decisions that relate to other sections constant. This will allow us to show how 
DFA can be used to deal with individual strategic initiatives but still within a holistic 
framework. We will then begin a second loop taking into consideration the strategic 
initiatives suggested as a result of the initial loop. This will allow us to identify and 
discuss the additional opportunities that result from simultaneous changes to two or 
more strategic initiatives. 

This paper concentrates on the reinsurance structure and the asset allocation strategy. 
While information concerning capital adequacy will be stated, the interested reader 
should refer to the sister paper "Dynamic Financial Analysis, DFA Insurance Company 
Case Study, Part Ih Capital Adequacy and Capital Allocation" for a detai led description 
of the methodology used in the development of these numbers. 
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The DFA Process 

The DFA process refers to a high-level overview of how current strategies are evaluated 
and how strategic alternatives are developed. We have outlined, in Figure 2, the DFA 
process that was used for the DFAIC analysis. 

Figure 2 

The Dynamic Financial Analysis Process 

, 

  rate I 

2. Collect I 
Data j 

I 1, Set Goals and 
Objectives 

Present 
Findings 

The remainder of this paper will explore the assumptions and model details that we used 
in performing DFA on DFA Insurance Company. We will run through the seven steps of 
the DFA process and describe the work performed in each step. We will conclude this 
paper with some final thoughts on this exercise and on DFA in general. 

Introduction to DFAIC 

DFAIC is a privately held property-casualty insurance company operating in all fifty 
states, with business concentrations in the northeast and mid-west. The company writes 
personal and "main-street" commercial coverage through independent agents and 
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maintains an "A" rating from A.M. Best. The company's northeast and mid-west 
concentrations limit their exposure to severe catastrophes 2. 

DFAIC's underwriting results have deteriorated recently, but the 1999 combined ratio, 
105.1, was slightly better than the industry average, 107.83. DFAIC's balance sheet 
appears slightly leveraged versus the current industry average, but its premium-to- 
surplus and reserves-to-surplus ratios of 1.47 and 1.45, respectively, are low by 
historical standards. The company cedes a relatively small portion (8.5%) of its direct 
written premium to a combination of excess-of-loss (XOL), per risk excess and 
catastrophe reinsurance contracts. 

DFAIC's invested assets are reportedly weighted toward tax-exempt municipal bonds 
(56%), with smaller allocations to government and corporate bonds and equities. The 
company's cash position is unusually large at 18% of invested assets, versus the 
industry average, 4.0% 4. Investment income earned in 1999 was 7.0% of terminal 
invested assets. 

Step 1: Goals and Objectives 

The DFA process starts with a thorough discussion and understanding of the goals, 
objectives, constraints and risk tolerance of the company. This step determines the 
metrics that will be most important in evaluating alternative strategic initiatives. It also 
tends to be a valuable exercise as it helps management think through, focus on, and 
communicate exactly those items that are most important to them as a company. These 
items are stated in terms of financial statement results and, once determined, provide a 
common set of metrics that can be applied to all of the company's financial strategic 
decisions. 

There is no limit to the number and types of possible objective functions that can be 
used for evaluating strategic initiatives. Some simple objective functions might be 
defined as expected surplus (policyholder surplus, shareholders' equity, or economic 
value) for the reward measure, and the standard deviation of the surplus for the measure 
of risk. Alternatively, downside risk measures can be substituted for standard deviation 
or company-specific risk/reward functions can be defined. 

2 We have assumed that DFAIC has no substantial earthquake exposure. 

31999 industry excluding state funds combined ratio after policyholder dividends. "Best's 
Aggregates & Averages, Property-Casualty U.S.", 2000 Edition, p. 119. 

4 "Best's Aggregates & Averages, Property-Casualty U.S.", 2000 Edition, p. 122. 
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In the case of the potential acquisition of DFAIC, the goals and objectives for the 
analysis would be set by Falcon's board and senior management team 5. As such, 
Falcon's objective is to undertake strategies that will maximize the economic value of the 
company at the end of a five-year time horizon. 

The five-year horizon was chosen since it is consistent with Falcon senior 
management's business planning horizon and it allows them to benefit from time 
diversification. This also gives Falcon a competitive advantage over those companies 
that are forced to operate on a year-to-year basis due to shareholder, regulatory or 
company-imposed constraints. 

Extending the time hodzon beyond the company's planning horizon increases the risk 
that business does not develop as planned, and can thus reduce the effectiveness of the 
analysis. Risk is defined as the standard deviation of economic value, as Falcon 
management believes that this is an indicator of true economic risk. 

One criticism of economic value as an insurance company objective is that it does not 
reflect statutory or regulatory constraints. Further, it is not part of the required annual 
financial reporting of insurance companies and is therefore not standardized or 
completely understood. Thus, a second risk measure, which was treated as a 
constraint, dealt with the reality of statutory reporting and regulatory oversight. This was 
reflected in the calculation of the probability of the statutory surplus falling below a 
minimum threshold. 

Step 2: Data Collection 

Data collection and evaluation is a time-consuming but important part of DFA. Since 
DFA deals with all financial aspects of insurance company operations the data 
requirements can be significant ~. Published financial information, similar to data used in 
this case study, is readily available from organizations such as A.M. Best, One Source, 
shareholder reports, the SEC and numerous other sources. These sources streamline 
the data gathering and data entry required to feed (parameterize) DFA models. 
However, analyses based solely upon public databases and published financial 
information risk misinterpretation of events, trends, and on-going company operations. 
As such, DFA studies limited to public data are sub-optimal and if not carefully 
implemented and documented, can lead to inappropriate conclusions. 

In this section, we discuss some of the.problems of using public data for the DFAIC case 
study. However, we must be careful to separate the real pitfalls of public data from the 

s Since no specific guidelines for measuring the effectiveness or efficiency of the strategic 
initiatives have bean communicated in the instructions to the case study, we were free to elect 
measures that were in accordance with the holisti¢ nature of our newly capitalized holding 
company. 

e The data collection for DFAIC was made simple in that it was completely provided by the CAS 
with instructions that no additional information would be made available. In the case of DFAIC 
only a smell portion of the plethoraof publicly available data was provided. 
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artificial ones introduced by the fictitious public data created for DFAIC. Artificial data 
problems are those leading to questions that could be resolved with additional public 
information 7. The information provided for DFAIC is more reflective of the limitations 
one might experience dealing with non-U.S, companies, where publicly available data is 
much more limited. 

Despite the fact that this DFAIC case study does not require a formal data collection 
process, there are still the important chores of data evaluation and reconciliation of the 
DFAIC data. We have undertaken such processes and found a number of areas where 
additional data and research would be warranted. Since no additional research could be 
undertaken, we will note a few of these irregularities here and then make reasonable 
assumptions to correct for these inconsistencies. 

A solid data evaluation process requires the reconciliation of the provided information to 
the company's last reported financial statements. In putting together this reconciliation, 
we found that the investment income earned on the portfolio is inconsistent with the 
stated asset allocation. The asset allocation for DFAIC is purported to be 70% fixed- 
income, four-fifths of which is in tax-exempt bonds. DFAIC's large allocation to tax- 
exempt bonds, given the lower yields on these securities, is inconsistent with its reported 
above-average investment income (7% versus 5% industry averageS). In order to 
reconcile the stated asset allocation to the reported investment income, the tax-exempt 
bonds would have to be earning a book yield in excess of 7.5%. Since market yields on 
tax-exempt municipal bonds were in the range of 3%-6% during 1999, the tax-exempt 
holdings of DFAIC would have to contain a large unrealized capital gain. However, the 
reported book and market values on these holdings are very close to each other: 
$3,327M and $3,478M, respectively, it is unlikely that the tax-exempt bonds could be 
providing such a contribution to investment income. 

This inconsistency raises some serious concerns regarding data quality of the DFAIC 
asset portfolio. Examination of Schedule D reveals that over half of the bond holdings of 
DFAIC are classified in the "Special Rev & Assessment" category. This category 
typically contains taxable structured bonds (mortgage-backed and asset-backed 
securities). Since tax-exempt holdings are not specifically categorized in Schedule D, it 
is likely that some or all of the bond holdings of DFAIC that were reported to be tax- 
exempt bonds are actually taxable bonds. 

Further evidence to support this theory lies in the fact that if all bonds were assumed to 
be taxable, the calculated investment income would reconcile with the reported 
investment income results. If complete statutory records for DFAIC were available, 
analysis of the Schedule D details would resolve any doubt about this inconsistency. 
Since no such details were available, professional judgment must guide us on how we 
should model DFAIC's current asset portfolio. Thus, given that the investment income, 
and book and market values of the asset portfolio can be directly traced to the provided 

Because DFAIC is not a real company and it would have been impractical for the CAS to 
provide a complete DFAIC annual statement, there is no such additional information (e.g., prior 
years' annual statements, annual statement schedules). 

e 1999 industry excluding state funds investment yield. "Best's Aggregates & Averages, Property- 
Casualty U.S.", 2000 Edition, p. 117. 
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financial statements, the most logical and consistent course of action is to assume that 
entire fixed-income portfolio of DFAIC is taxable. 

In contrast to the artificial data problems introduced by fictional data, there were other 
issues raised by the reported DFAIC data that, if the option were available, could be 
resolved by talking to management. Prominent among those issues were (1) DFAIC's 
18% allocation to cash and short-term investments (industry average is 4%) and; (2) 
reported changes in case reserve adequacy. These are the types of data analyses that 
are required at the front end of the DFA process to assure the robustness of the ultimate 
DFA findings. 

Step 3: Model Parametedzation 

Model parameterization refers to how the asset and liability variables are assumed to 
behave over the forecast horizon. Assumptions concerning the general economic and 
capital market environment as well as the specific assets and liabilities of DFAIC need to 
be parameterized. These assumptions can have a substantial impact on the evaluation 
and the recommended strategies. In the modeling world this risk is referred to as 
"parameter risk." The impact of parameter risk can be investigated and better 
understood through sensitivity testing. 

Economic and capital market assumptions are an important part of any quantitative 
assessment of the potential rewards and risks associated with alternative strategic 
business decisions. These assumptions need to reflect both recent conditions and 
longer-term relationships inherent in the economy and capital markets. The simulations 
based on these assumptions should comprise a reasonable set of future paths that, 
while consistent with histodcal observations, reflect a prospective view of economic and 
capital market expectations and uncertainties. 

The model that we used to generate our DFA economic and capital market simulations 
(FIRM TM Asset Model) differs from traditional mean/variance models in that economic 
variables, including interest rates and inflation, are explicitly modeled using accepted 
and rigorously tested stochastic processes. Capital market returns are then generated 
on a consistent basis with the underlying economic environment. This type of model has 
the following advantages over traditional mean/variance models: 

• the explicit modeling of both economic and capital market variables; 

• the ability to incorporate mean reversion in yields, providing for control over the serial 
correlation of capital market returns over time; 

• multi-period simulation capabilities; and 

• additional flexibility in modeling asset categories such as mortgage-backed securities 
and other securities with embedded options. 

The economic and capital market parameterization process involved identifying and 
selecting asset classes that best represented the homogeneous groups of invested 
assets available to DFAIC. The twelve asset classes we defined and modeled were: 
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• Cash Equivalents 

° Government Bonds (1-5 years) 

• Government Bonds (5-10 years) 

• Government Bonds (10-30 years) 

• Corporate Bonds (1-5 years) 

• Corporate Bonds (5-10 years) 

• Corporate Bonds (10-30 years) 

• Municipal Bonds (1-5 years) 

• Municipal Bonds (5-10 years) 

• Municipal Bonds (10-30 years) 

• Common Stock 

• Preferred Stock 

The economic and capital market simulation model required assumptions concerning the 
initial levels of interest rates, inflation rates, real GDP growth, equity earnings growth, 
equity P/E levels, and the dividend payout ratio together with a set of long-term levels to 
which the initial levels will revert over time. In setting the long-term levels, the goal was 
to produce risk premiums between asset classes that are consistent with historical data 9. 

For our DFAIC study, we have set long-term levels equal to the initial market conditions 
as of our model start date (1/1/2000). This avoids bias with respect to expected price 
appreciation or depreciation due to interest movements or changing P/E ratios over the 
time horizon. Initial market conditions together with the assumed mean levels fo~: are 
shown in Table 1. 

9 For example, the spread between cash and inflation is historically about 2% and the risk 
premium for long government bonds over cash is about 2%. 

69 



Table 1: Initial and Mean Interest Rate and Share Assumptions 

Variable Initial Conditions Mean 
1111200010 Levels 

Government Yields: 
3-Month Interest Rate 5.53% 5.53% 
1-Year Interest Rate 6.19% 
3-Year Interest Rate 6.34% 
5-Year Interest Rate 6.39% 
10-Year Interest Rate 6.36% 
30-Year Interest Rate 6.56% 6.56% 

Corporate Yields: 
3-Month Interest Rate 6.16% 6.16% 
1-Year Interest Rate 6.70% 
3-Year Interest Rate 6.99% 
5-Year Interest Rate 7.11% 
10-Year Interest Rate 7.28% 
30-Year Interest Rate 7.65% 7.65% 

Municipal Yields: 
3-Month Interest Rate 3.91% 3.91% 
1-Year Interest Rate 4.09% 
3-Year Interest Rate 4.54% 
5-Year Interest Rate 4.79% 
10-Year Interest Rate 5.22% 
30-Year Interest Rate 5.99% 5.99% 

Expected Price Inflation 2.5% 2.5% 

Expected Real GDP 2.5% 2.5% 

S&P 500 P/E Ratio 32 32 

S&P 500 Earnings Growth 9.0% 

S&P 500 Dividend Payout Ratio 40% 40% 

The returns for cash equivalents, bonds and common stock are directly controlled by the 
initial and mean assumptions shown in Table 1. 

~ Source: Bloomberg 
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Cash Equivalent returns are the accumulation of 1-month government interest rates over 
time. Government Bond returns are a function of the applicable interest rate level, the 
change in the rate and the bond maturity. Corporate and Municipal Bond returns are 
modeled as a proxy to the US Single A corporate and the insured general obligation 
municipal bond markets respectively. They are calculated similarly to government bond 
returns. Corporate yields are modeled at a stochastic spread to government yields and 
municipal yields are modeled as a stochastic ratio to the government yields. Reported 
market yields on corporate bonds are adjusted to reflect historical defaults 11. Common 
Stock returns are modeled as a proxy to the S&P 500 index. The returns are composed 
of capital gains/losses plus dividends TM. 

Table 2 shows the expected annual (arithmetic) and annualized compound (geometric) 
returns for each of the twelve modeled asset classes. 

11 This is based on the lO-year cumulative default study for Single A bonds provided by Moodys. 
A 50% recovery rate on defaults is assumed. 

Tz Because we are assuming that long-term mean PIE ratios are equal to initial PIE ratios, 
valuation changes are not reflected in the risk premium between stocks and bonds. Thus the 
modeled equity risk premium is less than the historical average (6-7%), but is in-line with the 
historical average when adjusted for valuation changes. 
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Table 2: Simulated Five-Year Return StatlsUcs '3 

Expected Annualized Annualized 
Annual Annual Compound Compound 

Asset Class Return Std Dev Return Std Dev 

Cash Equivalents 5.9% 1.9% 5.9% 1.4% 

US Gov't Bonds (1-5) 6.5% 3.5% 6.5% 0.8% 
US Gov't Bonds (5-10) 6.9% 6.7% 6.7% 1.8% 
US Gov't Bonds (10-30) 7.4% 10.7% 6.9% 3.3% 

US Corporate Bonds (1-5) 7.2% 3.6% 7.2% 0.9% 
US Corporate Bonds (5-10) 7.6% 6.8% 7.4% 1.9% 
US Corporate Bonds (10-30) 8.0% 10.8% 7.5% 3.3% 

US Municipal Bonds (1-5) 4.9% 3.2% 4.8% 0.7% 
US Municipal Bonds (5-10) 6.1% 7.8% 5.8% 2.0% 
US Municipal Bonds (10-30) 7.0% 11.8% 6.4% 3.2% 

US Stock 10.8% 20.0% 9.3% 7.6% 
Preferred Stock 8.3% 12.6% 7.7% 4.2% 

The operations of insurance companies differ from other industries for a number of 
reasons. Prominent among these is the receipt of payment for a product before the 
magnitude or timing of the product's costs are known to the company (insurer). A 
reserve must be established to account for this contingent obligation. The importance of 
liabilities to the operations of an insurance company implies a similarly important role to 
an appropriate insurance company DFA model. Such items as payment patterns, loss 
ratios and reserves, expense ratios, and premiums are examples of obvious inputs to a 
DFA model. Further, one must apply these and other inputs within the context of other 
considerations such as line of business, whether we are generating results gross or net 
of reinsurance, or whether these parameters are applied to business already written or 
business to be written at some future time. This section will not focus on the details but 
rather present a general overview of the parameterization process for losses and 
liabilities as well as some of the more interesting particulars. 

Our study of DFAIC's current reinsurance program and how it compares to alternative 
programs does not include loss portfolio transfers or other retrospective coverage. 
Hence existing business, with its attendant loss and unearned premium reserves, is 
modeled on a net of reinsurance basis. New business, however, is modeled on a gross 
basis. This allows us to vary prospective reinsurance strategies and compare the 
consequences of differing strategies. Since a principle focus of our paper is the current 
reinsurance program and its possible alternatives, we begin with a brief discussion of 

'3 Expected annual return statistics are arithmetic averages and are indicative of risk and return 
expectations over a one-year holding period. Annuahzed compound return statistics are 
geometric averages and reflect the impact of time dwersification over the five-year holding period. 
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DFAIC's current reinsurance program and its implications for parameterizing our DFA 
model. 

DFAIC's current reinsurance program includes excess of loss coverage for property, 
liability, and workers compensation risks, as well as coverage for catastrophes. In order 
to model the effects of these and alternative treaties, we generated individual large 
losses and occurrences on a gross of reinsurance basis. This necessitates the 
development of both frequency and severity probability distributions within the context of 
a collective risk model. Both company-specific and industry experience were gathered 
and analyzed for this purpose. Once the collective risk model was ready, individual 
large losses and catastrophes were generated stochastically and reinsurance covers 
were applied to obtain simulated losses net of reinsurance. Normally, company 
management would be consulted before finalizing company specific assumptions such 
as reinsurance arrangements or the frequency and severity of large losses and 
catastrophes. 

In setting up our model, we condensed DFAIC's business into five distinct lines: Workers 
Compensation, Auto Liability (both personal and commercial), Property (homeowners 
and CMP property coverage), General Liability (other liability, product liability, special 
liability, and CMP liability coverage), and All Other (predominantly auto physical 
damage). Segregation of business into these five lines allows for the effective modeling 
of reinsurance programs without burying results within a mass of detail. Each of these 
five lines is assigned a set of descriptive parameters to appropriately model its 
constituent line of business. Needed parameterizations relate to such items as 
premiums, losses (including loss adjustment expenses), other expenses, and payment 
patterns, as well as their stochastic properties. A preliminary step in our analysis 
involved restating historical results to be consistent with our five modeled lines of 
business TM. 

Projections of expected future premiums and loss ratios are in part based upon our 
assumed future business plans for DFAIC. An analysis of DFAIC's Schedule P reveals 
a recent deterioration Jn underwriting results and earned premium Jevels. Such a 
situation might indicate past DFAIC rate reductions made in an attempt to maihtain 
market share within a competitive environment. Falcon's business plan would be to 
raise rates thereby restoring loss ratios to DFAIC historical levels in three to five years. 
Anticipated effects of this business plan are reflected in our parameterization of future 
written premium levels. 

14 E.g. CMP results were segregated into properly or casualty and allocated to our Property or 
General Liability lines of business, respectively. 
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Table 3: Projected Growth Rates for Written Premium 

Workers Comp Auto Liability Property General Liability All Other 

2000 -2.5% -2.5% -2.5% -2.5% -2.5% 

2001 -2.5% -2.5% -2.5% -2.5% -2.5% 

2002 -2.5% -2.5% -2.5% -2.5% ' -2.5% 

2003 0% 0% 0% 0% 0% 

2004 2,5% 2.5% 2.5% 2.5% 2.5% 

DFAIC's simulated losses have been modeled in two pieces, core and large. Bdefly, 
losses are categorized as large or core depending on magnitude. Large losses are 
simulated through a collective risk model, while core losses, specifically core loss ratios, 
are generated through a mean-reverting, momentum-driven random walk. 

The model user determines the appropriate mean reversion factor, momentum factor 
and long term average core loss ratio. Considerations in selecting such parameter 
values might include an anticipated underwriting cycle or other market change. The 
actual simulated core loss ratio is generated from a user-selected distribution having a 
mean and a variance defined by the user. A blind algorithmic approach to selecting 
these parameters is not appropriate. As is true throughout the parameterization 
process, simulated results must be constantly checked to verify the reasonableness of 
results. For example, the variance of simulated, total loss ratios was checked against 
estimates of loss ratio volatility obtained from historical company results. Modeled gross 
accident year loss ratios by year and by line of business are shown in Table 3. 
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Table 4: Accident Year Loss Ratios by Line of Business is 

Standard 
Year 1 Year 2 Year 3 Year 4 Year 5 Deviation 

Workers Comp 85% 81% 77% 77% 77% 18% 

Auto Liab 92% 85% 81% 79% 79% 12% 

Home/CMP-Prop 78% 75% 75% 75% 75% 8% 

All Other 68% 65% 64% 64% 64% 8% 

GL/CMP-Liab 66% 61% 59% 58% 59% 11% 

The above statistics do not include the effects of catastrophes 

The timing of loss payments is as important as their magnitude. Payment patterns were 
estimated using DFAIC Schedule P loss triangles and industry results. We derived two 
sets of payment patterns that were separately applied to existing reserves and new 
business for each of the five lines of business. The consolidated reserve run-off pattern 
and accident year payment pattern for DFAIC are shown in Exhibits 1 and 2. 

~5 The standard deviations actually increase with time due to the diffusion process used to model 
loss ratios. Intuitively, one would expect volatility of projf~ctions to increase with the time hodzon, 
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Exhibit I DFNC a Consolidated Reserve Run-off Pattern 
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Exhibit 2 DFAIC a Consolidated Accident Year Payment Pattern 
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Expenses, other than the loss adjustment expenses already incorporated into the loss 
ratios, were modeled as both fixed and variable. Actual values were again obtained 
through a combination of company-specific and industry statistics. 

We have already discussed some of the randomness modeled into the projected core 
loss ratios. Further randomness is introduced to the model through the sensitivity of 
losses, expenses, and premiums to unexpected changes in the level of inflation. For 
DFAIC, we modeled the losses and fixed expenses as being immediately and fully 
responsive to unexpected changes in the level of inflation while premiums were partially 
responsive after a one-year time lag. Inflation sensitivity introduces a stochastic element 
affecting loss ratios, expenses, premiums, and payment patterns. 

The simulations include a reasonable level of positive correlation between lines of 
business as indicated in Table 5. 

Table 5: Ultimate Loss Ratio Correlation Coefficients 

WC Auto Property GL Other 

WC 1.0 

Auto 0.3 1.0 

Property 0.4 0.4 

GL 0.4 0.5 

Other 0.2 0.3 

1.0 

0.6 ° t .0 

0.3 0.3 1.0 

"Note that the GL/Property correlation coefficient is artificially inflated because CMP less ratios are a 
component of the loss ratios for both lines. 

Such positive correlation between lines of business is commonly accepted. It is 
probably the result of several factors, including changes to overall pricing levels in the 
insurance market and unanticipated inflation impacting the loss ratios of all lines of 
business. 

Assumptions concerning correlation between lines of business are part of a series of 
parameter assumptions important within the context of building an appropriate DFA 
model. Because of our inability to access DFAIC for further information, it is especially 
important that our assumptions ~re reasonable both in isolation and in conjunction with 
other assumptions. For example, our collective risk model for generating workers 
compensation losses gross of reinsurance appears reasonable when compared to 
industry and available DFAIC statistics. But just as important, when we used this loss 
model to develop pricing for the current workers compensation excess of loss cover, the 
indicated reinsurance premium was comparable to that indicated by DFAIC Annual 
Statement exhibits. Such observed consistencies build confidence in the model and its 
assumed parameter values. 
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The analysis of alternative reinsurance structures is a key component in our DFA 
analysis. Such analyses are meaningless if not carried out under consistent and proper 
assumptions. In the particular case of the workers compensation loss model, we 
subsequently used this model to assist in pricing alternative reinsurance arrangements. 
If the same loss model is not used to price current and alternative reinsurance 
structures, then perceived differences in the efficiencies of these structures might be a 
function of different underlying loss models as opposed to true differences in efficiencies. 
Inconsistencies in actual reinsurance coverage and re~ated premiums available in the 
market surely exist. Our focus here, however, is to seek more efficient reinsurance 
structures, not over/under priced coverage. 

Developing reasonable and consistent parameter assumptions for a DFA model is 
challenging at best, and can be particularly difficult when dealing with reinsurance 
arrangements. It is important to continually test for the reasonableness of assumptions 
both in isolation and in tandem with other assumptions. 

Step 4: Running the Model 

In order to become comfortable with a particular modeling system for implementing DFA, 
one must understand the system's underlying methodology and how that particular 
methodology will impact the results of the analysis. By DFA model methodology we 
refer to the specific technical implementation of the DFA process. 

Whereas the general DFA process has become fairly standardized, there are still a 
number of different methodologies that are used in the technical implementation of a 
DFA model. Since the technical implementation of a model can have a significant 
impact on the results of an analysis, it is imperative that the users of a model sign off on 
the technical implementations and understand how the model's methodology will impact 
the analysis. The risk that model results are specific to a particular DFA methodology is 
referred to as "model risk." This is a difficult risk to evaluate; due to the time, effort and 
expense of performing DFA, it is often impractical to duplicate the analysis using 
different DFA modeling systems. As such, users should look for systems that provide a 
significant amount of flexibility and whose underlying fixed methodologies are consistent 
with their views of the insurance and financial markets. 

At Swiss Re Investors, we developed our Financial Integrated Risk Management 
(FIRM TM) System as the modeling tool backing our DFA process. The FIRM System, 
like most DFA systems, uses simulation techniques to model both the assets and 
liabilities of an insurance company; The projected cash flows are transformed into future 
balance sheets and income statements that reflect GAAP, statutory, tax and economic 
viewpoints. The simulations are generated by a series of stochastic differential 
equations that are designed to allow the model user to reflect a full range of distributions, 
dynamics and relationships with respect to the underlying stochastic variables. The 
'FIRM system is designed to allow a high level of flexibility in describing how the 
underlying stochastic variables behave in an attempt to minimize model risk. This 
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• increase in" flexibility, however, has the result of moving. 16 a significant burden from the 
model, to the model user and the model assumpt=ons . 

Whereas  the majority of the technical calculations are generated in Step 4 of the DFA 
process, after gaining an appropriate level of understanding of the modeling system, 
there is little the DFA professional is required to do in this step other than to tell the 
computer to begin processing. 

Step 5: Analysis 

The DFA process does not end with the running of the model; rather, the "analysis" 
phase within the DFA process begins. Dynamic financial analysis models generate 
large amounts of pro forma financial statement data. The Swiss Re Investors FIRM 
System, for example, generates financial statement details on a GAAP, statutory, tax 
and economic basis for each year and simulation. Since we are running a five-year 
horizon and 1000 simulations, we end up with over 20,000 individual pro forma financial 
statements. Thus, being able to work with such a large amount of data and condense it 
into a clear and concise analysis is key to successful DFA. 

DFAIC's existing reinsurance programs include traditional forms of excess of loss, per 
risk excess and catastrophe coverage. As such, its ceded reinsurance program is fairly 
typical for a company of its size. The company ceded approximately 8% of its prior 
year's premium; it is not an extensive consumer of reinsurance when viewed relative to 
written premium. However, the company's seemingly modest reinsuran, ce program 
generated over $200 million in ceded premium in the prior year versus a statutory net 
income of $186 million, so it is material to their operations. 17 

Like many of its peers' ceded reinsurance programs, DFAIC's is designed to manage 
volatility of each of its various LOBs (or small combinations thereof). I.e., it is a "silo" 
approach to ceded reinsurance purchasing. It should come as no surprise that a 
company management structure aligned with LOB will incent managers to purchase 
reinsurance that does not recognize the diversification that exists by simply writing 
multiple LOBs. In fact it would be unnatural to expect a line manager to act in a 
manner inconsistent with LOB results (e.g., accept highly volatile LOB results), even if it 
is in the best interest of the company. Many large insurers have gravitated toward 
centralized reinsurance purchasing to address this inefficiency. Curiously, small 
companies may be well equipped to make similar changes because of their limited 
resources. If one person must wear many hats, the management structure may already 
be centralized. 

16 Interested readers can find additional information on the mechanics of the Swiss Re Investors 
FIRM System by' referring to the previous Swiss Re Investors DFA papers listed in the references 
to this paper. 

~ Unfortunately, the Schedule P data provided for the case study included the impact of inter- 
company pooling, so DFAIC's actual 1999 ceded losses could not be determined. 
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Line-oriented management of ceded reinsurance will likely lead to a program that guards 
against large individual claims even in years where actual losses (in total) are lower than 
originally anticipated and/or in reinsurance that fails to recognize the diversification 
benefits of writing multiple LOBs. But this is nothing new, and it certainly does not 
require a DFA model to recognize that diversification exists whenever a company writes 
two or more LOBs. 18 We will show that the inefficiency goes beyond a missed 
opportunity (failing to recognize the diversification already present in their business), 
since for DFAIC their existing program actually impairs (slightly) certain capital adequacy 
measures. 

We will demonstrate that Falcon's enterprise-level philosophy to managing risk with 
reinsurance is by far the most important element to building the efficient program that the 
company seeks. Given that DFAIC is large and well capitalized, by focusing on 
company-wide results rather than LOB results DFAIC could eliminate most of its current 
reinsurance programs without any significant increase in risk to the consolidated 
company loss ratio. We will also show that additional improvement can be achieved 
through new reinsurance structures that embrace enterprise-level rather than LOB-level 
reinsurance strategies. Thus, reinsurance in the "new" DFAIC will truly become a 
mechanism by which the enterprise forgoes part of its expected return ~9, in exchange for 
protection from events that jeopardize overall stability. 

Before we begin, a discussion of the modeling of the reinsurance program and the 
alternatives is required. Almost any reinsurance program can be made to look 
exceptionally good or bad within a DFA model by simply mis-pricing the coverage. We 
modeled DFAIC's existing reiqsurance program which has a large component of per 
occurrence excess of toss coverage attaching at $500,000 in combination with a per risk 
excess cover on commercial property m and a property catastrophe cover attaching at 
$50 million. We created an alternative reinsurance structure wherein the per occurrence 
and per risk covers are replaced with an accident year aggregate stop loss contract 
covering 75% of 20 loss ratio points excess of 80. 

In deriving the prices for the various reinsurance contracts, we erred on the side of 
conservatism specifically to avoid making the current program look bad or the alternative 
look good. That is, we priced the current program at a rate that we believe is slightly 
biased toward the low end of the reasonable range, thereby increasing overall ceded 
loss ratios. Likewise, we priced the aggregate contract in the alternative program toward 

~8 Unless the LOBs are perfectly positively correlated, some diversification will be achieved. 

~9 Throughout this case study we have assumed the company cannot achieve a gain by 
purchasing under-priced reinsurance. 

2o We assumed that DFAIC's $20 million excess $1 million per risk excess cover applied 
exclusively to property m its CMP program. In doing so, we implicitly assumed that there was no 
homeowner exposure above $1 million. If this were a "live" DFA study this assumption might 
deserve additional consideration. Further, we assumed that the $50 million occurrence aggregate 
had a minimal impact on the coverage. 
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the higher end of the reasonable range 2~. Our intent was to make it slightly more difficult 
to discard the current program in favor of the alternative aggregate coverage. 

Finally, the required capital under the current and alternative reinsurance programs is 
roughly one-third of DFAIC's statutory surplus. 22 Actual capital in excess of required 
capital was the only capital constraint that we imposed on the alternative reinsurance 
programs considered for DFAIC. We note that a capital-oriented approach, where 
alternative programs are judged by changes in the company's required capital, could 
have been employed to evaluate alternative reinsurance programs. Below we present 
one interesting reinsurance finding based on a capital-oriented approach, but we chose 
to define "efficiency" of the company's reinsurance program in terms of the stability of 
loss ratios and the shift in the company's efficient frontier for the remainder of the case 
study. 

Risk Based Capital (RBC) was introduced by the NAIC in the 1990s to supplement the 
.then-existing solvency early warning tests. More recently, rating agencies including A.M. 
Best and S&P have introduced their own brand of capital adequacy ratio. The 
underlying tenet of these ratios is that the combined charges for various risk factors 
provide guidance as to the amount of capital required by an organization. The ratio of 
actual capital to capital required (as determined by the risk factor charges) is the "capital 
adequacy ratio". We can use these ratios to compare the expected performance of 
alternative reinsurance programs within the context of a DFA model. 

Working with the NAIC RBC factors, we calculated the probability of DFAIC's actual 
capital falling below the required capital level at any time in:a five-year period under 
three scenarios: (1) no reinsurance; (2) current reinsurance; and (3) the alternative 
reinsurance program. The results are presented in the Table 6. 

Table 6: Probability of Actual Capital Falling below the Required RBC Level 

Scenario Probability* 

No Reinsurance 1.2% 

Current Reinsurance 1.6% 

Alternative Reinsurance 0.4% 

• Cumulative probability over five years. 

21 The accident year aggregate cover provides approximately $375 million of coverage for 
approximately $94 million, a rate on line of roughly 25%. Considering the duration of the 
expected payments, we believe that this is a reasonably conservative price for the contract. 

22 Philbnck, Stephen and Robert Painter, "DFA Insurance Company Case Study, Part Ih Capital 
Adequacy and Capital Allocation," Casualty Actuarial Society Forum, Summer 2001. Arlington, 
VA: Casualty Actuarial Society. 
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First, observe that these probabilities are very low. DFAIC is a strongly capitalized 
company with an RBC ratio of over 300% 23. Second, it is not surprising that the 
alternative reinsurance program reduces the likelihood of "impairing" surplus because it 
results in a more stable distribution of net loss ratios (see Table 7 below). Finally, the 
interesting conclusion is that DFAIC actually increases its chance of impairing surplus by 
purchasing its existing reinsurance program! 

This somewhat odd finding occurs because the company "trades dollars" with its 
reinsurer, not because reinsurance is over priced 24. In other words, DFAIC reinsures 
losses that on average occur every year; they incur additional expenses (e.g., the 
reinsurer's profit) which increases their probability of failing the capital adequacy test. 
Capital testing, as in the RBC example above, can be used to choose between 
alternative reinsurance programs. However, we took a slightly different approach, by 
screening potential reinsurance programs based on loss ratio variability, then comparing 
selected programs based on economic risk/reward. 

Note that we could just as easily have compared several alternative reinsurance 
programs based on the risk/reward analysis, using the economic value of surplus, 
statutory surplus, GAAP equity or some other metric, without reviewing loss ratio 
variability. In fact, screening reinsurance programs based on loss ratio variability 
arguably is not DFA because although the process includes the impact of the simulated 
economic conditions (i.e., inflation) on losses and premium, changes in asset values are 
ignored. Nonetheless, we have included it to emphasize that there are many ways to 
use DFA (in this case a single DFA model) to conduct such an analysis. Another, 
perhaps more important motivation for using the loss ratio analysis was that without a 
thorough understanding of the key drivers of our results, our analysis may be subject to 
criticism. As we will see the loss ratio analysis provides that understanding. 

We screened several alternative reinsurance programs for possible use in the case 
study including two variants of DFAIC's existing program substituting $1 and $5 million 
retentions on the per occurrence contracts. We also considered and ultimately settled 
L~pon an accident year aggregate cover in place of all of the company's non-catastrophe 
coverage. To illustrate the process, the net loss ratios from accident year 2 and the 
corresponding standard deviations of net losses are summarized in Table 7. 

23 DFAIC's statutory surplus is more than three times the minimum surplus, according to the risk 
based capital formula. Under the more conservative assumptions underlying the rating agency 
capital adequacy ratios, this ratio drops to roughly two times the minimum. 

24 The ultimate ceded loss ratio modeled for the current program (including the catastrophe 
contract) was 80.6% versus 80.0% for the alternative program. The alternative program's ceded 
payments were much more volatile than under the current program but its duration was also 
much longer. We assumed that the longer duration adequately compensated the reinsurer for the 
increased volatility. 
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Table 7: DFAIC's Net Loss Ratio and Standard Deviation of Net Losses (Acc Yr 2) 

Reinsurance Standard Deviation of 
Structure Description Net Loss Ratio Net Losses 

-- G ross 81.4 136,172 

1 Current 82.9 118,807 

2 Current w/$1M Ret. 82.8 119,517 

3 Current w/$5M Ret. 84.7 121,849 

4 Aggregate 83.7 91,027 

The holistic approach underlying structure 4 is primarily responsible for the improvement 
in net loss ratio standard deviations. That is, by focusing on the company's overall loss 
ratio and seeking to reinsure only those losses that in the aggregate (across LOBs), 
exceed acceptable limits, DFAIC improves the efficiency of its ceded reinsurance 
program. Exhibit 3 shows the variability in gross loss ratios by LOB and the 
corresponding reduction in variability of the overall loss ratio. Hence, DFAIC achieves 
most of its efficiency gain by merely recognizing the diversifying effect of writing more 
than one LOB and by purchasing reinsurance that recognizes this characteristic of their 
business. 
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Exhibit 3: DFAIC's Gross Loss Ratios by Line of Business 
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Referring to Table 7, we compared net loss ratios to aetermine if the various programs 
were reasonably priced. Then we eliminated structures 2 and 3 from further 
consideration in the case study because they were not significantly different from the 
existing program. Finally, we selected structure 4 as the alternative structure for the 
case study because it produced a significant reduction in net losses' variability. The 
alternative reinsurance structure (structure 4) replaced the company's per risk and per 
occurrence coverage with an accident year aggregate stop loss; the catastrophe 
coverage was unchanged. 

In our third and final approach, we reviewed the risk/reward profile of the current and 
alternative reinsurance programs. The process is illustrated herein .using one alternative 
to the current reinsurance program, but there is no limit on the number of such 
alternatives that could be considered. Our risk/reward analysis is based on the 
economic value of the company's surplus (reward) and the standard deviation of the 
same (risk). We plot these figures on a simple graph with risk on the X-axis and reward 
on the Y-axis (see Exhibit 4). Points that are up (greater reward) and to the left (lower 
risk) are preferable to those that are down and to the right (lower reward/greater risk). 
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Exhibit 4: Risk/Reward Plot of Alternative Reinsurance Programs 
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First observe that the gross result, being the highest and furthest to the right, provides 
the greatest return but at the greatest risk. This is consistent with our pricing assumption 
that the company cannot achieve an economic gain through cheap reinsurance. Of 
course, we could easily relax that assumption if market conditions justified it, but for the 
purposes herein we have not, Second, observe that current and alternative reinsurance 
programs have similar costs ~, but the alternative program has a significantly lower risk. 
That is, the alternative program produces roughly the same economic value but it does 
so more consistently. Hence the alternative program is more economically efficient than 
DFAIC's existing reinsurance. 

Finally, we return to the CEO's reinsurance questions: do we have enough reinsurance,. 
is it efficient and what types should we consider? The company's likelihood of impairing 
its capital adequacy ratio (not probability of ruin) is very low (see Table 6) even without 
reinsurance, so it could be argued that from a rigid economic point of view, reinsurance 
is unnecessary. Such an approach might be deemed reckless by regulators and/or 
rating agencies, or management might prefer more stable earnings, so some 
reinsurance might be warranted. Based on the capital adequacy ratios, the current 
program provides sufficient coverage, however the alternative program also provides 

2s The programs have similar costs in terms of the economic values that they produce even 
though the ceded premium in the alternative program is roughly 25% lower than for the existing 
program. This is because they have been priced to yield a similar overall return to the reinsurer. 
Hence, the reinsurer's rate of return is much larger on average under the alternative program to 
compensate for the increased volatility of the ceded losses. 
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such coverage and is superior based on the RBC test and in the economic risk/reward 
analysis. Hence, we would recommend that DFAIC adopt the alternative reinsurance 
program. 

The analysis of loss ratios presented in the parameterization section of this paper hints 
at the reasons for preferring the alternative program. DFAIC's existing reinsurance 
program essentially covers each LOB individually. In doing so, it does not account for 
the diversifying effect of writing more than one LOB. In fact, it even provides coverage 
for large claims when aggregate losses in a particular line are lower than expected. 

Thus far our discussion has focused on reinsurance, holding the company's asset 
allocation constant, but dynamic financial analysis can also be used to evaluate and set 
strategic asset allocation (SAA) guidelines for property-casualty insurance companies. 
Strategic asset allocation is the basis of a sound investment process that includes 
tactical asset allocation and security selection (see Figure 3). We will demonstrate that 
the company's reinsurance and asset strategies are interdependent and that by adopting 
the alternative reinsurance program DFAIC can alter its asset strategy to improve 
returns and reduce risk in both economic and statutory terms. Furthermore, our analysis 
of reinsurance and asset allocation will rely upon identical risk/reward metrics rather than 
traditional, but not comparable, strategy specific measures (e.g., loss ratios, return on 
assets, etc.). 

Figure 3: Investment Process 
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Strategic asset allocation sets the investment targets, ranges, operational constraints 
and investment restrictions that are part of a company's investment policy statement. 
Tactical asset allocation (TAA), on the other hand, allows for shifts in the strategic asset 
allocation targets, subject to the strategic ranges, based on short- to intermediate-term 
economic and market outlooks. The goal of TAA is to outperform the results that would 
be achieved from strict adherence to the SAA. Security selection refers to the buying 
and selling of specific securities. Whereas tactical asset allocation attempts to add value 
by correctly adding to or reducing the amounts placed into individual asset classes, 
security selection attempts to add value by outperforming the benchmark indexes used 
to proxy the individual asset classes. 

In this paper we deal with only the strategic asset allocation component of the 
investment process, as DFA is not an appropriate tool for performing tactical asset 
allocation or security selection. While many strategic questions could be addressed, 
given the limitations of information about DFAIC, we will concentrate on the following 
three major strategic investment issues: 

• the target fixed-income duration; 

• the target allocation to equities; and 

• The target split between taxable and tax-exempt bonds. 

To address these issues we will make use of the optimization algorithm within the FIRM 
system to identify DFAIC's efficient frontier ~. The objective function will be the one 
discussed in step 1 of the DFA process. Our first efficient frontier will be subject to the 
continuation of the current reinsurance program. Exhibit 5 shows DFAIC's economic 
value efficient frontier at the end of five years along with the position of their current 
asset allocation strategy. 

z8 See Markowitz. 
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Exhibit 5: DFAIC's Economic Value Efficient Frontier 

The economic value efficient frontier for DFAIC shows a low-risk, investment strategy 
(Strategy A) that consists of short duration, taxable fixed-income securities and no 
equities. Moving up the efficient frontier into higher return/higher risk strategies involves 
lengthening the duration of the fixed-income portfolio, moving into tax-exempt securities 
and increasing allocations to equities. 
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To help understand the asset strategies on DFAIC's economic value efficient frontier it is 
necessary to understand DFAIC's risk exposures. Again, DFA can be used to do this 
through a technique called decomposition of risk. By applying decomposition of risk 
techniques we can identify the impact that various factors have on DFAIC's economic 
risk. We can then use this information to gain insights into the logic behind the 
strategies recommended by the economic value efficient frontier. 'Exhibit 6 shows the 
impact of real underwriting, inflation, discount rates, and asset returns on the economic 
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risk of DFAIC over one-year  and f ive-year time horizons for the current investment 
strategy 27. 

Exhibit 6: Decomposition of Economic Risk 
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As can be seen from Exhibit 6, the impact of the four risk factors on economic risk 
depends on the time horizon. Neither inflation nor discount rates are significant risk 
factors over short t ime periods. The major risk to DFAIC over a one-year  horizon is, not 
surprisingly, real underwriting uncertainty. The picture changes dramatically when 
considering a f ive-year time horizon. Underwrit ing risk tends to diversify over time 
whereas inflation risk will tend to accumulate. Thus, inflation uncertainty becomes the 
biggest risk to the economic well-being of DFAIC over the long term. 

This explains why Iow-duralion, f ixed-income securit ies appear as the low-risk 
investment strategy on the f ive-year economic efficient frontier. Low-duration, cash 
equivalent investments tend to move hand-in-hand with inflation, helping to offset the 
impact of unexpected inflation. Unfortunately, low-duration f ixed- income strategies 
result in tow yields and low expected returns. Thus following a low-risk investment 
strategy is an expensive way of reducing the economic risk of DFAIC. 

2~ Underwriting volatility typically includes the impact of inflation but for the purposes of asset 
strategy it is helpful to separate underwriting volatility into the amount due to inflation and the 
amount due to loss uncertainty net of inflation. Loss uncertainty net of inflation is assumed 
independent of asset strategy but loss uncertainty as a result of unexpected inflation is a risk that 
can be reduced through strategic asset allocation. 
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This also helps explain the role of equities across the efficient frontier. Equities, in 
addition to their higher expected returns, provide for a long-term inflation hedge. When 
the additional diversification benefits of equities are considered, it becomes clear why 
the addition of equities together with a reduction of the fixed-income duration results in a 
higher-reward, lower-risk investment strategy. 

These results may be surprising to those who advocate duration-matching strategies as 
a way to minimize risk. Duration matching is predicated on the fact that interest rate 
sensitivity is the major source of economic risk. This is true for many financial 
instruments such as bonds where the future cash flows are fixed and certain. The 
liability characteristics of DFAIC, however, are anything but fixed and certain. Instead 
they are subject to substantial underwriting uncertainty as well as the whims of 
unexpected inflation. Because of the significant correlation between interest rates and 
inflation, changes in interest rates will typically be accompanied by changes in inflation 
rates. Further, higher inflation rates will lead to higher loss payments which will 
counteract the economic benefit of a higher discount rate. Thus, controlling only the 
interest rate risk through a duration matching strategy, when liabilities are inflation 
sensitive, is an ineffective and inappropriate way of controlling financial risk and can lead 
to an unintended and severe exposure to unexpected inflation zB. 

The final issue to explore concerning DFAIC's economic value efficient frontier is the role 
of tax-exempt investments. As there were no tax statements provided for DFAIC, 
information concerning their tax position had to be gathered from their statutory filings. 
Before serious tax planning can occur, we would want additional information concerning 
DFAIC's tax reserves, net operating loss carryforwards (NOLs) and capital loss 
carryforwards. For this study, we assumed no operating loss or capital loss 
carryforwards and we estimated tax reserves to be a constant ratio to calculated 
statutory reserves. 

The traditional approach for determining DFAIC's optimal allocation to tax-exempt 
investments is to adjust the tax-exempt allocation to the point that equates the regular 
tax liability to the alternative minimum tax liability under the company's deterministic 
budgeted forecast. This methodology for tax management planning can lead to an 
inefficient allocation to tax-exempt securities since it fails to take into consideration the 
volatility of the company's projected profitability and the changing relationship between 
taxable and tax-exempt yields over time. 

A much more robust approach to determining the optimal tax-exempt allocation for 
DFAIC can be identified through the use of dynamic financial analysis. The yield 
relationships between taxable and tax-exempt fixed-income securities were first 
simulated based on a combination of historical yield analysis and current market 
conditions. Similarly, DFAIC's operating results were simulated based on their historical 
loss performance and current business plans. In this way the after-tax investment 
income penalty that results from holding tax-exempt securities in unprofitable years can 
be evaluated against the after-tax investment income advantage of holding tax-exempt 

z8 Inflation sensitivity is a parameter in the Swiss Re FIRM system. Different inflation sensitivity 
assumptions will result in different efficient investment strategies. It liabilities are assumed to be 
insensitive to inflation, duration-matching strategies may be more effective at mitigating risk. 
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securities in profitable years. The model also determines whether the alternative 
minimum tax (AMT) is required and factors the AMT penalty into the analysis 
accordingly. 

As a result, a prospective model of DFAIC's tax liabilities under many possible scenarios 
was evaluated. The optimization model found the allocation to tax-exempt securities 
that maximizes DFAIC's reward objective within the bounds of the company's risk 
tolerance. Based on our model of DFAIC and the assumed future business plans, the 
probabilities of negative taxable income for each of the next five years under the current 
asset investment strategy are indicated in Table 8. 

Table 8: DFAIC's Taxable Income 

Mean (000s) Probability of Negative 

Year I 47,791 30% 

Year 2 128,251 21% 

Year 3 196,870 18% 

Year 4 227,064 13% 

Year 5 264,481 10% 

The above table is consistent with the loss ratio improvements built into Falcon's 
business plan assumptions for DFAIC. The increasing expected income levels 
combined with the decreasing probability of negative income results suggests that tax- 
exempt investments should very well have a role in the investment strategy for DFAIC 
over the five-year planning horizon. 

Now, assuming that Falcon management is happy with DFAIC's current risk tolerance 
level, the investment strategy can be adjusted to that indicated by Strategy D (see 
Exhibit 5). This would suggest increasing the equity allocation from 11.2% to 17.3%, 
reducing the fixed-income duration from 4.9 to 3.2 and allocating 10% of the fixed- 
income portfolio into tax-exempt securities. 

The move to Strategy D results in a $67.8M increase in economic reward over the five- 
year horizon without any additional increase in economic risk. The next step is to 
examine the statutory implications of such a strategy. Exhibit 7 shows the impact to 
DFAIC's statutory surplus under both the current asset strategy and Strategy D. 
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Exhibit 7: DFAIC's Statutory Surplus Comparisons 
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Exhibit 7 shows that while there is no increased economic risk from moving to Strategy 
D, there is additional statutory risk over both a one- and five-year horizon. Management 
is left to decide whether the increased economic reward is great enough to compensate 
for the increased statutory risk. 

We are thus left with determining whether this is the optimal investment strategy on the 
efficient frontier. Stated another way, does Strategy D result in the greatest value added 
to DFAIC given their objectives and risk tolerance? This issue is addressed in "Beyond 
the Frontier: Using a DFA Model to Derive the Cost of Capital", by Daniel Isaac and 
Nathan Babcock. 

The final part of our DFAIC analysis is to examine the impact on the investment 
guidelines under the revised reinsurance program. To do this we generated a second 
efficient frontier assuming the reinsurance program was based on implementing an 
accident year aggregate cover in place of DFAIC's existing program. Exhibit 8 shows 
both the revised and the original efficient frontiers. 
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Exhibi t  8: DFNC's Economic Efficient Frontier (Revised Reinsurance) 
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Exhibit 8 shows that the revised reinsurance program pushes the efficient frontier for 
DFAIC up and to the left. This is extremely desirable from Falcon management's 
perspective as this means that DFAIC can experience higher economic rewards at lower 
economic risk levels. The individual strategies that make up the revised efficient frontier 
tell a similar story to those on the original frontier. The overall lower risk profile as a 
result of the revised reinsurance structure, however, allows DFAIC to move to a more 
aggressive asset strategy without any more economic risk than the company is currently 
experiencing. 

Again assuming that Falcon management is happy with DFAIC's current risk tolerance 
level, under the revised reinsurance program the investment strategy can be adjusted to 
that indicated by Strategy E'. This would suggest increasing the equity allocation from 
11.2% to 20.3%, reducing the fixed-income duration from 4.9 to 4.5 and allocating 22% 
of the fixed-income portfolio into tax-exempt securities. The net effect of moving to the 
revised reinsurance'program and an asset strategy in line with that suggested by 
Strategy E' is an additional expected economic benefit of more than $121 M over the 
five-year planning horizon. 
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Returning again to the statutory implications, of this combined reinsurance and 
investment strategy. Exhibit 9 shows the impact to DFAIC's statutory surplus relative to 
the current asset strategy of changing only the investment strategy and of changing both 
the reinsurance and investment strategy. 

Exhibit 9: DFAIC'a Statutory Surplus Comparisons 
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By simultaneously increasing the efficiency of their reinsurance strategy and investment 
strategy, DFAIC accomplishes a better economic risk/reward profile and is able to 
achieve a better statutory profile at the end of the five-year horizon. Thus by considering 
DFAIC's business holistically, our analysis indicates that we can implement a revised 
reinsurance strategy and take a more aggressive asset strategy, resulting in an 
expected economic benefit and improved long-term statutory results. 

Finally, using the Tail Conditional Expectation (1 -Year) approach from our sister paper 
("DFA Insurance Company Case Study, Part I1: Capital Adequacy and Capital Allocation 
=, by S. Philbrick and R. Painter), we found that the new reinsurance program coupled 
with asset strategy E', increased the company's required capital by only 6%. Thus, 
DFAIC's actual capital is still significantly above the required minimum level. Additional 
details and changes in required capital under other capital adequacy measures (e.g., 
RBC capital adequacy ratios) can be found in that paper. 
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Step 6: Sensitivity Testing 

Sensitivity testing is required to ascertain that the conclusions are not the product of a 
particular set of assumptions or the result of a particular set of random scenarios. This 
step in the DFA process requires the testing of key input factors such as renewal rates, 
inflation and interest rate sensitivity of future premiums and liability payments, changes 
in capital market equilibrium assumptions, and variability of loss ratios. Sensitivity 
testing highlights the major factors affecting each business segment and the degree to 
which those factors affect each segment. Each factor needs to be tested independently, 
and relevant factors should be tested in tandem. Sensitivity testing allows for the 
assessment of the individual as well as collective impact of modifying key factors by 
business segment. 

Since the underlying framework for DFA is simulation, sensitivity testing should include 
research into the number of simulations required to assure that the results of the 
analysis are robust. The required number of simulations will depend on many factors 
such as whether the analysis is dealing with relative comparisons or absolute levels. 
The metrics used for the objectives and constraints will also impact the required number 
of simulations. For example, downside risk measures typically require more simulations 
than simple standard deviations. There is no magic number or formula that tells exactly 
how many simulations are required for a particular analysis, so the user is left to 
ascertain, through sensitivity testing, that the findings of the DFA study are robust and 
can be easily reproduced. 

Step 7: Presentation of Findings 

The importance of the presentation of DFA findings should not be underestimated. 
While the DFA professional has the benefit of months of analysis in developing 
understanding of the problems, issues and solutions, they must summarize and present 
their findings to the senior management or Board of the company briefly and succinctly. 
This is no easy undertaking. The presentation of the DFA study should do more than 
show the numbers and present the conclusions, rather the presentation should tell a 
story. The story should review the highlights of each step of the DFA process and lay 
out the logic that went into the analysis in such e way that the conclusions become 
evident before they are revealed. It is important to keep in mind that the value of DFA is 
not just in the answer but also in the increased understanding of the issues that lead to 
the answer and ultimate decision. 
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Conclusion 

Armed with the DFA results, the CEO of Falcon is ready to move on to negotiation stage 
of the acquisition with the knowledge that his holistic approach to insurance company 
management can produce a better, more efficient DFAIC. However, the competitive 
advantage of a holistic approach to insurance company management anticipated by our 
fictional CEO might be short-lived. The ability to perform holistic analysis through DFA 
has largely been made possible by the recent advancements in computing power and 
speed. These advancements, combined with sophisticated DFA models and dedicated 
DFA professionals, have brought the power of Dynamic Financial Analysis to within 
reach of all interested property-casualty companies. 

One final note: The results of this DFA study, while raising some general insurance 
industry issues, are specific to the objectives, characteristics and assumptions that we 
used for DFAIC. DFA is not a trivial endeavor. Even given a good DFA modeling 
system, the analysis that is performed can be poor. A good DFA analysis will tie the 
conclusions to the assumptions in a clear and concise manner. The impact of 
alternative strategic initiatives will be explained in such a way that someone who is 
unfamiliar with the details of DFA will still be able to follow, understand and ultimately 
accept the stated conclusions. While the undertaking is not trivial, the potential 
efficiencies that can be gained through a holistic approach to property-casualty 
insurance management can be significant to those who are willing to supply the effort. 
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Abstract 

This paper has been submitted in response to the Committee on Dynamic Financial 
Analysis 2001 Call for Papers. The authors have applied dynamic financial analysis to 
DFA Insurance Company (DFAIC) to address capital adequacy and capital allocation 
issues. The DFA model used for this analysis was the Swiss Re Investors Financial 

TM Integrated Risk Management ( F I R M )  System. This paper is Part 2 of a two-part 
submission. Part 1 deals with using DFA to explore reinsurance efficiency and asset 
allocation issues. 

This paper explores different general risk measures used in the past to judge capital 
adequacy. This overview of various risk measures will incorporate the concept of 
coherent risk measures. It introduces a practical method for using Tail Conditional 
Expectation (TCE) as a measure of capital adequacy. We will look at the adequacy of 
DFAIC's capital position using the TCE risk measure along with other more widely 
accepted regulatory and rating agency capital adequacy measures for different 
reinsurance/asset allocation strategies. 

Additionally, we will discuss different risk measures associated with capital allocation, 
including TCE, along with different allocation procedures. This section will also explore 
the idea of allocating capital to assets. Different allocation methods will be discussed 
and the Shapley Value method, found in game theory, will be applied to two different risk 
measures to allocate DFAIC's current capital to line of business and to assets. 
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Dynamic Financial Analysis 
DFA Insurance Company Case Study 
Part I1: Capital Adequacy and Capital Allocation 

By Stephen W. Philbrick, FCAS, MAAA, 
and Robert A. Painter 

P r e f a c e  

Dynamic Financial Analysis (DFA) is still fairly new to a property-casualty insurance 
industry whose roots can be traced back to the 17 ~ Century and earlier. As such it is not 
surprising that the industry is cautious about a technology that purports to look at their 
business in a whole new way. The Casualty Actuarial Society, being active in the 
formulation and development of DFA, has classified it as: 

"a systematic approach to financial modeling in which financial results are 
projected under a variety of possible scenarios, showing how outcomes might be 
affected by changing internal and~or extemal conditions'." 

As a result of published papers, shared research end call paper programs such as this 
one, the technical specifications behind DFA have been well developed. This has led to 
a high level of convergence among many of the different concepts, models and 
processes behind DFA. Unfortunately, while the details of DFA are better understood, 
the industry is still scratching its collective head on what to do with this new technology. 

Part of the problem has to do with the fact that DFA is mainly considered to be a 
modeling tool, one that can be used to supplement existing tools. While a modeling tool 
is essential for implementing dynamic financial analysis, it is just one element of a much 
grander picture. More than a model, dynamic financial analysis is a way of thinking that 
weaves through the entire operations of an insurance company. Effective dynamic 
financial analysis calls for dedicated and knowledgeable professionals who are trained in 
the intricacies of DFA and enabled to identify and take advantage of current industry and 
company inefficiencies. DFA promotes moving from existing structures designed to 
evaluate and reward, the individual pieces of the business to a structure that encourages 
and rewards the evaluation of strategic decisions in a holistic, total company framework. 

1 Casualty Actuarial Society Dynamic Financial Analysis Website, DFA Research 
Handbook, http://www.casact.org/R ES EARCH/DFA 
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For these reasons we were excited to embrace this call paper program exercise. While 
the original concept may have been designed to evaluate different DFA modeling 
techniques and the resulting analyses as they relate to a common problem and common 
data, we decided it was a perfect opportunity to show how DFA might work in the 
insurance company of tomorrow. The ultimate benefit to the company is not just the final 
answer, but rather the increased understanding and the common grounds of 
communication that comes from going through the DFA process. 

The proposed situation involves DFA Insurance Company (DFAIC), a multi-line property- 
casualty insurance company that is unknowingly the target of a potential acquisition. 
The analysis was conducted from the point of view of the acquiring company. We will 
define the acquiring company, Falcon, as a newly capitalized holding company that is 
organized and structured to run its business in a holistic manner. Falcon has a financial 
risk management unit led by its Chief Risk Officer (CRO) w h o  repod's direct ly to  the 
CEO. The CEO has asked that the following questions about DFAIC be addressed: 

t. Is the Company adequately capitalized? Is there excess capital? How much capital 
should the Company hold as a stand-alone insurer? 

2. How should the capital be allocated to line of business? 

3. What is the return distribution for each line of business and is it consistent with the 
risk for the line? 

4. Should the Company buy more or less reinsurance? What type? How efficient is its 
current reinsurance program? 

5. How efficient is the asset allocation? 

In a traditional insurance company these questions would be farmed out to different 
business units within the organization. These units would include but not be limited to 
the actuarial department, the reinsurance department and the investment department. 
Each unit would perform their stand-alone analysis and report back to the CEO using 
terminology and metrics appropriate to their assigned task. The CEO would be left to 
assimilate all the individual analyses and use professional judgment and insights to build 
a complete picture of the attractiveness of the potential acquisition. 

Falcon, however, is organized in such a way that the complete analysis can be 
performed within the financial risk management unit with input from professionals in 
each of the departments mentioned above. The results of the analysis can thus be 
presented to the CEO using a single set of terminology and metrics that consider both 
the individual and joint dynamics of the issues in question. 
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Due to the scope and breadth of the required analysis, we will present the DFA study in 
two papers. This paper will deal with the capital adequacy and capital allocation issues 
and a sister paper will concentrate on reinsurance and asset allocation strategy issues. 
Note that despite breaking the analysis up into two papers, the overall analysis is the 
result of a common DFA model and process. 

13FA, being holistic, allows a company to deal with all of its major strategic decisions 
simultaneously within a single framework. As such it is not unusual to have an analysis 
that continuously revisits these strategic levers in what we call the DFA spiral. This is in 
contrast to the traditional approach in which these strategic decisions are evaluated 
each in their individual silos. Figure 1 gives a graphical picture of these two different 
approaches. 

Figure 1 
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Unfortunately, a paper does not easily land itself to a spiral analysis, so for the sake of 
convenience we will first complete a single loop around the DFA spiral, holding the 
strategic decisions that relate to other sections constant. This will allow us to show how 
DFA can be used to deal with individual strategic initiatives but still within a holistic 
framework..We will then begin a second loop taking into consideration the strategic 
initiatives suggested as a result of the initial loop. This will allow us to identify and 
discuss the additional opportunities that result from simultaneous changes to two or 
more strategic initiatives. 
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This paper concentrates on capital adequacy and capital allocation issues. While 
information concerning revisions to the reinsurance program and asset allocation will be 
stated, the interested reader should refer to the sister paper "Dynamic Financial 
Analysis, DFA Insurance Company Case Study, Part I: Reinsurance and Asset 
Allocation" [11] for a detailed description of the methodology used in the development of 
these numbers. 

Rosdmap 

This paper will: 

• Set forth the seven steps of The DFA Process--an approach to think about DFA. 

• Discuss several risk measures, then use a TCE measure, which satisfies the axioms 
for a coherent risk measure. 

• Apply a DFA approach to a specific case study--the DFAIC hypothetical company 
supplied by the CAS. 

First, the DFA Process will be described. The steps of this process will be used 
throughout the rest of the paper to organize the discussion. 

The next section will begin with a general discussion of capital adequacy. This will be 
followed by a brief discussion of prior work on this issue and the direction taken in recent 
research. Next, we will discuss three measures of capital adequacy, and then discuss 
the general concepts underlying any risk measure. 

Next, we will discuss three capital adequacy measures used by regulators and rating 
agencies. We will then explain why Tail Conditional Expectation (TCE) is selected as the 
measure of risk over the other three choices. Because the concept of TCE may be new 
to many readers, and it is the selected method in this paper, we will go into that measure 
in somewhat more detail than the other two methods. Then we will summarize the 
results of each of the capital adequacy measures tor DFAIC. 

Finally, we will discuss the concept of capital allocation, and show how a TCE measure 
can be used to allocate capital to segments of DFAIC. 

The DFA Process 

The DFA Process refers to a high-level overview of how a DFA model can be brought to 
bear on a specific problem [13]. We have outlined, in Figure 2, the DFA process that we 
used for our analysis of DFAIC. 
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Figure 2 
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Present Findings 

It is critical to understand that DFA is more than just a model. The development of a 
computer model c a n  be viewed as "step zero" of the process. It is a necessary step, but 
it represents the development of a tool, rather than the DFA process itself. The DFA 
process starts with a thorough discussion and understanding of the goals, objectives, 
constraints and risk tolerance of a company. This step determines the metrics that w;ll 
be most important in evaluating alternative strategic initiatives. It also tends to be a 
valuable exercise as it helps management think through, focus on, and communicate 
exactly those items that are most important to them as a company. These items are 
stated in terms of financial statement results and, once determined, provide a common 
set of metrics that can be applied to all of the company's financial strategic decisions. 

Steps 2 through 4 of the DFA process depend on the specifics of the DFA modeling 
system that is being used for the analysis. Whereas a common DFA process allows for 
effective and efficient sharing of concepts and ideas, it could be argued that different 
modeling methodologies and assumptions are healthy in order to address the potential 
problem of  model bias (model risk) and assumption bias (parameter risk). 

In order to become comfortable with a particular modeling system for implementing DFA, 
one must understand both the methodology that underlies the system and how that 
particular methodology will impact the results of the analysis. By DFA model 
methodology we refer to the specific technical implementation of the DFA process. 
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Whereas the general DFA process has become fairly standardized, there are still a 
number of different methodologies that are used in the technical implementation of a 
DFA model. Since the technical implementation of a model can have a significant 
impact on the results of an analysis, it is imperative that the users of a model sign off on 
the technical implementations and understand how the specific model methodology will 
impact the analysis. The risk that model results are specific to a particular DFA 
methodology is referred to as "model risk." This is a difficult risk to evaluate; due to the 
time, effort and expense of performing DFA, it is often impractical to duplicate the 
analysis using different DFA modeling systems. As such, users should look for systems 
that provide a significant amount of flexibility and whose underlying fixed methodologies 
are consistent with their views of the insurance and financial markets. 

At Swiss Re Investors, we developed our Financial Integrated Risk Management 
(FIRM TM) System as the modeling tool backing our DFA process. The FIRM System, 
like most DFA systems, uses simulation techniques to model both the assets and 
liabilities of an insurance company. The projected cash flows are transformed into future 
balance sheets and income statements that reflect GAAP, statutory, tax and economic 
viewpoints. The simulations are generated by a series of stochastic differential 
equations that are designed to allow the model user to reflect a full range of distributions, 
dynamics and relationships with respect to the underlying stochastic variables. The tool 
is designed to allow a high level of flexibility in describing how the underlying stochastic 
variables behave in an attempt to minimize model risk. This increase in flexibility, 
however, has the result of moving a significant burden from the model, to the model 
builder and the model assumptions. Interested readers can find additional information 
on the mechanics of the Swiss Re Investors FIRM System by referring to our previous 
CAS DFA call papers. 

Assumptions and model parameterization are closely tied to methodology in that they 
also deal with the technical details of DFA. DFA model assumptions refer to how the 
asset and liability variables are assumed to behave over the forecast horizon. The major 
difference between methodology and assumptions is that assumptions can be changed 
whereas methodology, within a particular system, is generally fixed. Assumptions used 
in DFA modeling can have a substantial impact on the recommended strategies. In the 
modeling world this risk is referred to as "parameter risk." The impact of parameter risk 
can be substantially reduced through the use of sensitivity testing and by having the 
analysis performed by experienced DFA professionals. 

Steps 5 and 6 of the DFA process relate to analysis and sensitivity testing. While there 
is still some connection to the modeling system used for the analysis, the effectiveness 
of these steps are more a function of the DFA professional. Even given a good DFA 
modeling system, the analysis performed can be poor. A good DFA analysis will tie the 
conclusions to the assumptions in a clear and concise manner. The impact of 
alternative strategic initiatives will be explained in such a way that someone who is 
unfamiliar with the details of DFA will still be able to follow, understand and ultimately 
accept the stated conclusions. Sensitivity testing is required to ascertain that the 
conclusions are not the product of a particular set of assumptions or the result of a 
particular set of random scenarios. 
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Finally, the presentation of the DFA study (step 7) should do more than show the 
numbers and present the conclusions. Rather, the presentation should tell a story. The 
story should review the highlights of each step of the DFA process and lay out the logic 
that went into the analysis in such a way that the conclusions become evident before 
they are revealed. It is important to keep in mind that the value of DFA is not just in the 
answer but also in the increased understanding of the issues that lead to the answer and 
ultimate decision. 

The remainder of this paper will explore the assumptions and model details that we used 
in performing our DFA on DFAIC. Several of the steps are identical to the steps in our 
sister paper on reinsurance and asset allocation. Rather than repeat those steps, we 
refer the reader to the discussion in that paper. In this paper, we will discuss the aspects 
that are unique to the adequacy and allocation analysis. For easy reference, the 
discussion of the parameterization of DFAIC will be included as Appendix A and B. 
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Capital Adequacy 

Adequacy of capital is critical to a consumer of insurance products. In many companies, 
the product is delivere, d at the time of purchase. While a consumer, for example, may 
have some legitimate interest in the ongoing solvency of a manufacturing company to 
provide access to spare parts, an insurance product is, at its core, a promise to deliver in 
the future. The ability to make good on its promises is critical to the insurance company. 

The actuarial literature contains many papers on the subject of capital adequacy. The 
CAS commissioned an annotated bibliography of relevant research papers on the 
subject. The bibliography is contained in a report by Brender, Brown and Panjer [10]. 
This report was completed in July 1992. This year was a good year for capital adequacy 
research for another reason~the CAS issued a call for papers on Insurer Financial 
Solvency. Those papers are contained in the 1992 Discussion Papers on Insurer 
Financial Solvency [1]. The early work on capital adequacy focused on the underwriting 
side of the balance sheet. Over time, various papers have incorporated more 
sophisticated treatment of assets. [2], [13], [22], [29], [33] This has proceeded through: 

Recognition of investment income (acknowledging the existence of assets, but 
treating assets as largely fixed) 

Recognition of asset variability, but treatment of asset variability as independent of 
underwriting variability 

Recognition of asset volatility as well as the economic interdependencies between 
assets and liabilities 

While analytic and simulation techniques have both been used in a variety of papers, the 
complex nature of the interactions of assets over time and of the relationship between 
assets and liabilities virtually requires a simulation approach, typically embodied in a 
Dynamic Financial Analysis (DFA) model. A recent paper by Mango and Mulvey [27] 
describes a DFA approach to the capital adequacy and allocation problems. 

The evolution of capital adequacy has proceeded in another dimension as well. In 
addition to more sophisticated handling of assets, the analysis of the risk measure has 
become more refined. Early papers concentrated on the probability of ruin, that is, the 
probability that the firm would become insolvent. While this is clearly an important issue, 
it emphasizes the owners of the firm over other interested parties. More recent research 
has extended this concept in two ways: 

1. Recognition that the amount of insolvency, not just the probability, matters to 
policyholders, or at least to the insolvency funds that must pay in the event of 
insolvency. As a consequence, regulators are interested in the cost of insolvency, 
not just the likelihood. [12] 
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2. Formal recognition that firms care about surplus reduction even when it doesn't 
result in insolvency. While this isn't a new idea, more sophisticated DFA models can 
be used to analyze reductions in surplus of less than 100%. These options are useful 
for examining the likeli.hood of ratings downgrades. 

Discussion of Risk Measures 

The risk measures we will discuss in this section by no means define the universe of 
possible risk measures. These are some the prominent measures that have emerged in 
the literature. There is no single measure that is recognized as the best, but some have 
appealing properties that make them more relevant to the discussion of capital 
adequacy. 

Probability of Ruin, or Ruin Theory, is probably the most intuitive risk measure when 
discussing capital adequacy: how likely is it that I will be able to stay in business over a 
given time period? This paper defines Probability of Ruin in its most general sense: the 
probability that a given variable or event is below some defined limit over a defined 
period of time. This measure is dependent on the target company selecting a fixed 
minimum capital limit where they would define themselves as "ruined". This is a binary 
process where either the company is ruined or not ruined--there is no contemplation of 
degree of ruin in this risk measure. It is necessary to emphasize that that selection of 
risk variable and risk limit and tolerance levels should be based on the individual 
circumstances and goals of the company. Mango[27] 

Probability of Ruin is closely associated with Value at Risk (V'aR), a concept that 
originates from the banking industry. For banks, VaR would be the maximum amount 
the bank could potentially lose over a time period in which they could not react to market 
conditions. This might be the amount they could lose from financial positions left open 
overnight while the bank is closed. In an insurance context, the concept of the company 
not being able to react to market conditions has been ignored due to the much longer 
time frames being evaluated in solvency analysis. 

Figure 3 shows the inverted cumulative distribution of results for a given financial 
variable. The Y-axis measures the magnitude of the financial variable. The X-axis is the 
percentile of the corresponding financial result. Given a risk tolerance criterion of o~, c~ is 
defined as 1-q. Following the arrows up from q to the intersection with the distribution 
and over to A, the VaR is the dollar equivalent for a given risk tolerance c~. 
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Figure 3 
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A second approach commonly used to measure capital adequacy is Expected 
Policyholder Deficit (EPD). Whereas Ruin Theory only takes into account the probability 
of insolvency, EPD considers the magnitude of ruin. EPD incorporates the fact that not 
all insolvencies are the same. Regulators, policyholders, and debtholders care about 
the amount by which the company will not be able to fully meet its obligations. As a 
result, the criterion for this risk measure is defined by a tolerable amount of obligations 
that will not be met. This EDP criterion can be stated as either a dollar amount or as a 
percentage of total obligations, and is represented in Figure 3 as the shaded area YE. 
EDP and the distribution can be expressed in terms of many different financial variables. 
In Figure 3, total obligations are equal to WE + XE + YE. Point A, as defined by the 
tolerance area YE, is the level of obligation that the company can handle without being in 
a "deficit position". 
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The two prior measures are intuitively appealing, but were developed ad hoc. The 
likelihood that a company might become insolvent seems like a logical risk measure. 
Similarly, the extension to the cost, rather than simply the probability of insolvency 
seems like an obvious improvement. Nevertheless, neither approach was developed 
using the axiomatic approach of mathematics--to first identify desirable properties of a 
measure, then mathematically search for measures that meet the criteria. In recent 
years, researchers have taken this approach. A thorough discussion of the selection of 
the axioms, and the resulting measures, called coherent risk measures is beyond the 
scope of this paper. However, because we use a coherent risk measure as a critical part 
of our analysis, and the concept is still relatively new to many people, Appendix C 
contains a brief introduction to the concept of coherent risk measures, including the 
underlying axioms. 

The third approach used to measure capital adequacy is a coherent risk measure, Tail 
Conditional Expectation (TCE). [3], [4], [5], [30]. Tail Conditional Expectation combines 
the ideas behind VaR and EPD into a single measure. In order to calculate the TCE 
result, a TCE risk tolerance criterion must first be selected. The VaR tolerance is a 
function of a selected percentile along the x-axis, whereas EPD tolerance is a function of 
a selected area. The TCE tolerance is conceptually similar to the VaR tolerance in that it 
is based on selecting an appropriate point along the x-axis. In Figure 4 the TCE 
tolerance 2 is equal to 1 - q = c~. Referring to Figure 4, again the sum of all potential 
events is equal to WT + XT+ YT. All results to the right of the vertical line, defined by the 
TCE tolerance oc, are considered "tail events". The sum of these tail events is equal to 
XT + YT. The average tail event is equal to the Tail Conditional Expectation. Graphically, 
the TCE is equal to the height of the XT + ZT such that the area of (XT + Z-r) equals the 
area of (XT + YT). 

2 For a VaR tolerance of c~ and a TCE tolerance of c~, if c~---~ and Fl(x) is a 
continuously increasing function, then TCE Required Capital z VaR Required Capital 
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Figure 4 
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While these three approaches differ in important ways, there is a common theme. In 
each case, the analysis of cal~ital adequacy proceeds in these four steps: 

1. Select a Financial Variable 

2. Select a Time Frame 

3. Select a Measure 

4. Select a Criterion 

Financial Variable 

The main decision for the financial variable is how much of the balance sheet to 
incorporate~whether the emphasis will be on liabilities or both assets and liabilities. In 
the former case, aggregate losses may be the financial variable; in the latter case, 
surplus. Secondary considerations: 

• Should all liabilities be modeled or just loss and LAE? 

• Should the accounting basis be statutory valuation, GAAP valuation, or some other 
basis? 
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Time Frame 

The time frame represents the period of time over which the analysis is performed. In 
principle, this can be unlimited. Some work in ruin theory looks at unlimited time 
horizons, but this requires assumptions about future business that are unrealistic if 
interpreted as true projections about infinite time horizons. 

For time periods other than unlimited, it may be necessary to clarify what is meant by the 
time frame. For example, does a one-year time frame mean that balance sheets and 
income statements are simply projected forward one year? Or does it mean that one 
additional year of new business is written, and then all outstanding liabilities are run off? 
A third alternative (common in valuation exercises) is to project one year's worth of 
business, including both new and renewal business, and then to include renewal 
business only, along with the liability runoff, for a specified number of renewal periods, or 
until the renewal business becomes de minimis. Any projection should clarify which 
basis is being used. 

Typical time frames for insurance companies are one, three, and five years. Projecting 
beyond five years becomes speculative. 

Measure 

The simplest measure is the Financial Variable itself (along with its associated 
distribution). Other measures, such as EPD and TCE, can be formed as a function of the 
distribution of the variable of interest. 

Criterion 

Finally, one must specify a critical value of the measure. Generally, this value will be 
used as a binary separator to distinguish between acceptable and unacceptable levels of 
capital. 
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A p p l i c a t i o n  

The generic approach described above applies to each of the three common 
approaches to capital adequacy: 

Ruin Theory - The financial variable is surplus. However, early historical approaches 
treated assets as if they were a constant, and treated liabilities as the only random 
variable. More recently, both assets and surplus are handled as random variables. 
The time frame can be unlimited in some circumstances, but it is typically a relatively 
short period of time (before runoff) in DFA studies. The measure is the surplus itself, 
considered as a random variable. The criterion is some suitably small value such as 
0.01 or 0.005, representing the probability that the financial variable can be less than 
zero in the selected time frame. 

Expected Policyholder Deficit - The financial variable is usually the aggregate liability 
distribution. The time frame typically ranges from one to five years. The measure is 
the EPD, which can be expressed as a function of the aggregate loss distribution. In 
words, it is the average loss amount in excess of the assets of the company, 
averaged over those situations in which the liabilities exceed the assets (that is, the 
company is technically insolvent). This amount can be expressed in dollars, or it can 
be expressed as a ratio to the expected liabilities to put it on a comparable basis 
across companies. 

Tail Conditional Expectation - The financial variable is typically aggregate liabilities, 
although surplus can be used. The time frame typically ranges from one to five 
years. The measure is TCE, which can be expressed as a function of the aggregate 
loss distribution. In words, it is the average aggregate loss amount (from ground up, 
rather than excess of some amount as in the case of EPD) for loss scenarios 
satisfying a criterion. As is the case with EPD, it can be expressed as a dollar 
amount, or it can be expressed as a ratio to total liabilities or total assets. 

Introduction to DFAIC 

DFAIC is the hypothetical company provided by the CAS for this exercise. This company 
is a privately held property-casualty company operating in all fifty states, writing personal 
lines and "main street" commercial coverages through independent agents. Key financial 
values: 

• Current Assets 5.381 billion 

,, Total Fixed Income (Average Maturity) 4.193 billion (7.4yrs) 

• Total Equity 0.564 billion 

• Current Liabilities 3.777 billion 

• Current Booked Loss+LAE Reserves 2.330 billion 
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• Current Statutory Surplus 1.604 billion 

• Previous Year Net Earned Premium Volume 2.409 Billion 

• Projected Combined Ratio (Year 1) 107% 

DFAIC currently holds per risk and per occurrence covers on all lines of business, along 
with a property CAT treaty. In total, the company cedes approximately 8% of premium. 

Step 1:Goals and Objectives 

The goal for the capital adequacy section of the analysis is to answer the first question in 
the Preface: 

Is the Company adequately capitalized? Is there excess capita/? 

Our assignment is to determine how much capital the company should carry, as a 
theoretical exercise, and compare it to the capital requirements according to regulatory 
and rating agencies. The company will carry the largest of the alternative amounts. If the 
required capital exceeds the current amount of capital on its balance sheet, the company 
will consider various ways to increase the actual capital or decrease the need for capital. 
If the actual capital exceeds the necessary capital, the acquiring company can release 
the excess capital to the owners, or consider whether additional risk can be taken on. 
This could be in the form of increased writings, more aggressive asset risks, or reduced 
reinsurance. 

Steps 2-4:Data Collection, Parameterlzation and Model Runs 

• The data collection phase is discussed in Step 2 of our sister paper. 

• The parameterization is discussed in Appendix A and Appendix B, although certain 
aspects of the parameterization are discussed in the allocation section of this paper. 

• The generation of the model runs is discussed in Step 4 of our sister paper 

Steps 5-7:Analyze Output, Sensitivity Test, Present Findings 

We will look at the following three different commonly accepted capital adequacy 
measures to help us analyze DFAIC's capital adequacy: the NAIC's Risk Based 
Capital(RBC) [34], A.M. Best's Absolute Capital Adequacy Ratio(BCAR) [9], and 
Standard & Poor's Capital Adequacy Ratio(CAR) [40]. Additionally, we will develop a 
fourth capital adequacy measure based on Tail Conditional Expectation (TCE). The 
formulas behind the NAIC, Best, and S&P measures can be found below in Figure 5. 
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Risk Based Capital 

The Risk Based Capital is one of the means the NAIC uses to monitor capital adequacy. 
Set forth in the early 1990's, the NAIC RBC Model Act specifies responsibilities for both 
the regulator and insurer [15]. These responsibilities are triggered when the RBC Ratio 
(RBC Adjusted Statutory Surplus/Risk Based Capital) falls below 100%. The degree 
and severity of action increases as this ratio decreases. [34! 

Best's Net Required Capital 

The Best's capital adequacy model is somewhat similar in structure to the RBC model. 
Some of the key differences between the two models are the following: 

• Best's model is interactive (manual adjustments can be made to the outcome), 

• it takes into account the quality of loss reserves, 

• it explicitly considers quality of reinsurer, and 

• it explicitly considers CAT risk. [8],[9] 

Best's does make adjustments to the numerator of the Absolute Capital Adequacy Ratio 
for many different factors; for this discussion we will assume that these adjustments net 
out to zero. As a result, we will limit our discussion to the denominator of the ratio, the 
Net Required Capital (NCR). Best's model self-admittedly produces a significantly 
higher NCR number than RBC's minimum solvency requirement. In the late 1990's, 
Best recalibrated its loss reserve and premium risk factors to recognize the concept of 
Expected Policyholder Deficit (EPD). Generally, a company is considered "Vulnerable" if 
its Absolute Capital Adequacy Ratio is below 100%. 

S&PCAR 

The CAR calculation is one element that goes into the S&P Rating. The S&P process 
considers many of the same variables as both RBC and the Best capital adequacy 
model. As a general rule, a CAR of greater that 125% is considered "Strong". [40] 
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Figure 5: Capital Adequacy Formulas 

RBC = R o + (R, 2 + R2 2 + (.5 x R3) 2 + [(.5 x R 3) + R~I ~ + R~) ''~ 

R 0 = Noncontrol led Assets and Growth Risk 
R; = Fixed Income Investment Risk 
R 2 = Equity Investment Risk 
R 3 = Receivables Risk 
R, = Net Loss&LAE Reserve Risk 
R~ = Net Written Premium Reserve Risk 

Bests Absolute Capital Adequacy Ratio = Adjusted Surplus / Net Required Capital  

Net Required Capital = (BI 2 + B2 2 + B3~'(.5xB4) = + [(.SxB4) + B5) 2 + B6 ~ + B7~) ;rz 

BI = Fixed Income Securities 
B2 = EquitySecuritles 
B3 = Interest Rate 
B4 = Credit 
B5 = Loss&LAE Reserves 
B6 = Net Written Premium 
B7 = Off  Balance Sheet 

S&P CAR = 
Total Adjusted Caol ta l  - Asset Related Risk Charoes - Credit Reloted Risk Charoes 

Underwriting Risk + Reserve Risk + Other Bus~ness Risk 

Total Adjusted Capital  = Statutory Surplus +/- Loss Reserve Def ic iency + Time Value of Money 

TOE Required Capital Method 

A graphical  representat ion of and the method for calculat ing T C E  Requi red Capital  are 
presented in Figure 6 and Figure 7, respect ively.  Briefly, the T C E  risk measure  is 
appl ied to a distr ibution of s imulated est imates of Required Assets  to Cover  Liabil i t ies 3 at 
the end of Year  1 (A1). A~ is synonymous  to s imulated Statutory Surplus at the end of 
year  1 ( individual s imulated results) minus the Average  Assets at the end of year  1. 

3 This  also takes into account  of the volati l i ty of assets. 
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The calculation of Statutory Surplus for this adequacy measure is on a basis where the 
company reserves to the exact ultimate at the end of year 1. This perfect knowledge 
adjusts both existing reserves and one year of new business to their ultimate 
undiscounted levels. 

We have selected a one-year time frame for this measure because most regulatory 
measures tend to be over a one-year time horizon. Unlike many other measures that 
only take into account underwriting results, statutory surplus takes into account the 
volatility of both assets and liabilities, along with the interactions between the two. 

Once a distribution of Required Assets to Cover Liabilities at the end of year 1 (A1) is 
generated, the TCE risk measure is applied. First, a TCE Tolerance is selected. This 
selected tolerance (1% in this discussion') represents the largest 1% of all potential 
outcomes for the financial variable ,~. For ease of discussion, these large tail events will. 
be called "Large Losses'. Looking to Figure 6, the events defined by the tolerance are 
equal to X-r + YT. The Average "Large Loss" is equal to the TCE Required Assets 
(A,('rcE)). From Figure 6, this is equal to the height of ZT + XT, where the area of (ZT + XT) 
equals the area of (YT + XT), which equals the sum of all "Large Losses". Finally, TCE 
Required Capital is the difference between TCE Required Assets (Al('rcEi) and the 
Expected Liabilities at the end of year 1 (E[L~]). 

4 This 1% tolerance is the level we selected for DFAIC. More work needs to be done to 
explore appropriate tolerance levels for different company risk profiles. A company 
should select its own tolerance based on an understanding the individual risks it faces. 

5 "Large Loss" is a misnomer to the extent that asset volatility and other influences 
contribute to the tail event. 
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Flgure 6 

I 

i 

q=0.99 1 

Figure 6 Identities: 

1) Total Loss = W, + X, + YT 

2) Total "Large Loss" = X~ + Y, 

3) Tolerance = 1 - q = 1 - 0.99 = 0.01 

4) Z~ = Y, 

TCE Required Assets = A~ 0cE) - 
.~ F " ( x )dx  

1 - q  

The TCE Required Capital Method emphasizes the tail of the distribution which differs it 
from standard deviation or variance of financial variables. It specifically concentrates on 
the scenarios that might be specifically detrimental to solvency. These types of threat 
scenarios are the reason companies carry capital. 

However, the TCE Required Capital amount produced from our DFA model does not 
take into account all events that could in real life initiate a tail event. For example, our 
model does not specifically simulate reinsurance credit default, and we have not 
adjusted results for such contingencies. The three common capital adequacy measures 
discussed above do atterntSt to take into account reinsurance credit issues. Our TCE 
Required Capital estimate should be adjusted upwards for such a potential event. There 
are many other occurrences, such as embezzlement and fraud, which should also be 
considered when determining an appropriate level of capitalization. Our DFA model, 
along with these four capital adequacy measures, does not adjust for such occurrences. 
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Figure 7: TOE Required Capital Method 

Step 1: AI = E[A,]- $1 

Step 2: Select a TCE to le rance  

Step 3: Given a TCE Tolerance, Ca lcu la te  a TCE Required Assets = A, ocE) 
Where F(x) is a funct ion of ,~,, 

Step 4: TCE Required Capi ta l  = A, c.cE~- E(L,) 

Where: 
= Statutory Surplus at  the  End of Year 1 Individual Simulation (where  it is 

assumed that  the c o m p a n y  correct ly projects and  books u l t imate loss 
with per fec t  know ledge  of future e c o n o m i c  influences on payments )  

E(A,] = Expec ted  Va lue of Total Assets a t  the End of  Year 1 

A~0cE ~ = TCE Required Assets 

E[L,] = Expec ted  Va lue of  Total Liabilities a t  the End of  Year 1 

The DFA model runs produced the estimates of required capital found in Table 1 for the 
described capital adequacy measures. Before analyzing this model output, it is 
especially important to note that these outputs are the result of thousands of stochastic 
simulations. Adequate modeling of the tail is especially important for the TCE Required 
Capital measures. Additionally, the modeler should run enough stochastic simulations to 
produce robust output. The number of simulations should be selected such that the 
level of sampling error is within an acceptable range. The level of samp!ing error is 
determined through sensitivity testing. (Step 6 of the "DFA Process") 

Table 1 

Estimates of Required Capital (Amounts in $MIIIIons) 

Best's Net Risk-Based 2 x Risk-Based TCE Required 
Required Capi ta l  Cap i ta l  Capi ta l  
Cap i ta l  

End of Year 1 1,223 494 988 805 
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DFAIC currently holds 1.6 billion in statutory surplus. The Best's calculations suggest a 
required capital of slightly over 1.2 billion. (It should be emphasized that not all aspects 
of the Best's formulas are public; this calculation represents an estimate based upon 
what is known about the formula.) The RBC value is much lower, but the RBC value is 
not intended to produce an acceptable capital requirement. A company carrying the RBC 
amount would not be immediately shut down, but it would find itself under intense 
regulatory scrutiny. This company decides to carry at least twice the RBC value to keep 
the regulators happy. In this instance, double the RBC amount is still less than the 
number indicated by the Best's calculations. 

The company also looks at the S&P formula. The mean S&P Capital Adequacy Ratio at 
the end of the year will be 265, using their present capital, projected to year-end. This is 
well above the S&P limit of 125. 

If there were no rating agencies or regulatory authorities, the company would be 
comfortable with the TCE Required Capital indication of 0.8 billion. That this value is 
lower than the regulatory and rating agency values either indicates that those formulas 
are slightly more conservative than the assumptions selected for the TCE calculation, or 
that the riskiness of DFAIC is lower than companies of comparable size and underwriting 
mix. The regulatory and ratings agency formulas attempt to reflect some of the specific 
aspects of each company, but also reflect industry averages to some extent. 
Additionally, the TCE Required Capital estimate did not adjust for quality of reinsurance 
issues; making an adjustment for this should increase the TCE Required Capital. Also, 
the TCE Required Capital has been calculated in a DFA/ALM framework which 
considers the interactions and co-movements of the assets and liabilities. These 
interactions and co-movements can have diversifying effects which will soften the blows 
of tail events driven by inflation, especially when the company is maintaining a buy and 
hold fixed income strategy. These interactions can only be captured in an integrated 
DFA/ALM modeling process. The regulatory and agency measures do not, and 
reaJistically can not, incorporate the diversification benefits between assets and 
liabilities. This effect is more apparent when looking over a longer time horizon. 
However, even over this very short one-year time horizon there is a slight effect. 

After considering all of the risk measures, the company concludes that it will be able to 
reduce the carried capital by a significant amount without impairing the adequacy of the 
capital, either as measured by the external (regulatory and rating agency) entities, or by 
the internal calculation. 

As a result, DFAIC looks into alternative reinsurance and asset allocation strategies. All 
of these alternative strategies are discussed in our sister paper. Ultimately the company 
decides to explore replacing its current per occurrence reinsurance program with a more 
efficient aggregate cover. Additionally, in conjunction with this change in reinsurance 
program, DFAIC decides to increase its asset exposure by increasing its equity 
allocation from 11% to 20%. 
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Under this revised reinsurance/asset strategy the different estimates of required capital 
are the following: 

Table 2 

Estimates of Required Capital (Amounts in SMUlions End of Year I) 

Current Strategy 

Revised Strategy 

Percent Change 

Best's Net Risk-Based I 2 x  Risk-Based 
Required Capi ta l  ' Cap i ta l  
Capi ta l  

1,223 

1,238 

+1.2% 

494 

532 

+7.7% 

988 

1,064 

+7.7% 

TCE Required 
Capi ta l  

805 

839 

+4.2 

The change in regulatory and agency adequacy measures increased almost solely due 
to the increase in allocation to equities. The liability components of these formulas 
remained almost constant; these measures were unable to react to a new, more efficient 
reinsurance cover. As stated earlier the TCE Required Capital measure is driven by tail 
scenarios. Comparing the tail "Large Loss" simulations for DFAIC shows that the TCE 
Required Capital reacts to the change in reinsurance and asset allocation differently 
than the regulatory and agency measures. The analysis of scenarios showed that the 
TCE Required Capital reacted in a way consistent with what really occurred. The TCE 
Required Capital increase was driven by the more aggressive asset strategy, but this 
increase was dampened by the revised, more efficient, reinsurance structure. 
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Capital Allocation 

Roadmap 

The capital allocation section will start out with an introduction, discussing some of the 
controversy surrounding the concept of allocation, and resolving the issue by noting that 
capital allocation is better thought of as an approach to allocate the cost of shared 
capital. We will then discuss some of the prior research in this area, highlighting the work 
on marginal surplus, which led to variance-covariance measures. Next, we will discuss 
the axiomatic development leading to a Shapley value calculation, and show how this 
equates to the variance-covariance measure, under an assumption of an overall risk 
measure based upon standard deviation. As we did in the prior section, we will adopt a 
coherent risk measure, TCE. This measure will be implemented in a DFA model, and 
applied to the hypothetical company DFAIC. We will outline the goals of the approach, 
summarize the required parameterization of the DFA model, discuss certain aspects of 
the model runs, and then analyze the output of the DFA model, concluding with some 
observation of how the TCE allocation compares with other classical approaches. 

Introduction 

In one respect, the issue of capital allocation is as controversial a subject as there is 
within the actuarial profession. For many subjects, there may be disagreement among 
professionals as to the best approach, or formula or distribution to use in certain 
circumstances. However, in the case of capital allocation, there are professionals 
arguing, not about the best formula, but whether it should be done at all. [6] The 
opponents to capital allocation have an excellent point--all of the capital of a legal entity 
is available to pay the claims of any line of business or policy. It is arguably misleading 
to allocate surplus to a line, as that amount does not serve as a limit on the company's 
obligation to pay claims. 

The proponents of capital allocation usually aren't interested in the assignment of an 
amount of capital to a line as an end product, but rather as an intermediate result, as 
part of an exercise to determine required rates of return.for a line, policy or block of 
business. 

The resolution may be to realize that the goal of the exercise isn't allocation of capital, 
but allocation of the cost of capital, as Stefan Bernegger ~ called it. 

e This comment was made at an internal company actuarial meeting 
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When an insurance company writes a policy, a premium is received. A portion of this 
policy can be viewed as the loss component. When a particular policy incurs a loss, the 
company can look to three places to pay the loss. The first place is the loss component 
(together with the investment income earned) of the policy itself. In many cases, this will 
not be sufficient to pay the loss. The second source is unused loss components of other 
policies. In most cases, these two sources will be sufficient to pay the losses. In some 
years, it will not, and the company will have to look to a third source, the surplus, to pay 
the losses. 

The entire surplus is available to every policy to pay losses in excess of the aggregate 
loss component. Some policies are more likely to create this need than others are, even 
if the expected loss portions are equal. Roughly speaking, for policies with similar 
expected losses, we would expect the policies with a large variability of possible results 
to require more contributions frpm surplus to pay the losses. We can envision an 
insurance company instituting a charge for the access to the surplus. This charge should 
depend, not just on the likelihood that surplus might be needed, but on the amount of 
such a surplus call. We can think of a capital allocation method as determining a charge 
to each line of business that is dependant on the need to access the surplus account. 
Conceptually, we might want to allocate a specific cost to each line for the right to 
access the surplus account. In practice though, we tend to express it by allocating a 
portion of surplus to the line, and then requiring that the line earn (on average) an 
adequate return on surplus. Lines with more of a need for surplus will have a larger 
portion allocated to them, and hence will have to charge more to the customers to earn 
an adequate rate of return on the surplus. Effectively, this will create a charge to each 
line for its fair share of the overall cost of capital. 

Step 1:Goals and Objectives 

The CEO's question related to allocation was, 

How should the capital be allocated to line of business? 

We now realize that this is the intermediate goa l -our  ultimate goal is the determination 
of a charge to a line (or policy) for the access to capital. The opening sentence of the 
abstract in Kreps [23] embodies this concept--that the determination of allocated capital 
is intermediate to determining the charge for capital (risk load): 

The return on the marginal surplus committed to support the variability of a 
proposed reinsurance contract is used to derive an appropriate risk load for 
reinsurers. 

Kreps selected a ruin theory based risk measure: 

For example, if the distribution is Normal, then a z of 3.1 is a 1/1000 probability, 
and an amount of surplus given as above will cover the actual losses 999 years 
out of lO00 years, on average. 
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While the risk measure is formally a ruin theory measure, he assumed a particular 
distributional form, so that the risk measure is also a standard deviation measure'. 
Gogol [18] and Mango [26] note a problem with this measure. As Mango says: 

However, problems arise when these marginal methods are used to calculate 
risk loads for the renewal of accounts in a portfolio. These problems can be 
traced to the order dependency of the marginal risk load methods. 

Both arrived at the same solution, in terms of a formula: the risk load should be 
proportional to the variance of the additional contract plus the covariance of the contract 
with the rest of the portfolio. This contrasts with the Kreps approach, which effectively 
produces a risk load proportional to the variance plus twice the covariance. While the 
results were the same, the approaches were different. Gogol proved his result as a 
theorem using return on surplus assumptions [19]. Mango applied a game theoretic 
approach as outlined in papers by Lemaire [24], [25]. In brief, Mango and Lemaire 
applied an approach called the Shapley value. 

The marginal approach to surplus requirements can be thought of as follows: 

Given a company writing a block of business, consider the addition of a new contract. 
Calculate the surplus requirements for the portfolio without the new contract, and then 
with the new contract. The increase in required surplus represents the marginal surplus 
required by the addition of the contract. The risk load, or capital charges, can be made 
proportional to the marginal surplus. We can think of this process as a "last-in" process. 
That is, how much capital is needed if this contract is the last one added to the portfolio. 
The Shapley value can be thought of as a logical extension to this concept. Rather than 
treating every contract as if it were the last one in, calculate the marginal surplus 
requirement over all orders of entry. That is, how much surplus would be required if it 
were the first one in (sometimes called the stand-alone approach), how much would be 
required if it were the second contract written, the third, etc.? Then the surplus 
requirement is calculated as the average over all possible orders of entry. 

It is important to note that, while this is a convenient way of explaining how the 
calculation can be done, it isn't a description of how the formula was derived. Similar to 
the way the TCE approach was developed, Shapley selected a few desirable axioms, 
and derived the result from the axioms. Thus, the resulting value is not arbitrary, but the 
result of a theoretically sound basis. The calculation of the Shapley value can get 
cumbersome, particularly for a large number of contracts or lines of business. Mango's 
insight was to show that the formula based upon the variance and covariance is 
equivalent to the Shapley value [26]. Thus, this formula produces a theoretically sound 
approach to capital allocation, if one accepts the overall standard deviation risk measure 
for the entire portfolio. 

7 There is potential confusion in the terminology of the risk measure. Kreps' risk measure 
is proportional to standard deviation at the portfolio level, but is a function of the variance 
and the covariance at the contract level. Thus, describing the risk measure as a 
standard deviation, variance, or covariance-based measure could be accurate, 
depending on whether the measure is viewed at the level of the total company portfolio, 
or the individual portfolios, represented by either contracts or lines of business. 
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However, as we have discussed eadier, the standard deviation measure does not 
conform to the coherence axioms for risk measures. The TCE measure does satisfy 
those axioms. Consequently, when we chose to allocate the capital to each line of 
business, we chose the TCE measure as the risk measure. We aren't aware of a 
simplification to the calculation parallel to the one shown by Mango, so we applied the 
Shapley method to the TCE measure. We used the formula in Lemaire [24]. 

Steps 2-3:Data Collection and Parameterlzation 

In setting up our model, we condensed DFAIC's business into five distinct lines: Workers 
Compensation, Auto Liability (both personal and commercial), Property (homeowners 
and CMP property coverage), General Liability (other liability, product liability, special 
liability, and CMP liability coverage), and All Other Miscellaneous Lines (predominantly 
auto physical damage). For ease of discussion, we will refer to the combined 
miscellaneous lines as Auto Physical Damage (APD). Segregation of business into 
these five lines allows for the effective modeling of reinsurance programs without burying 
results within a mass of detail. Each of these five lines is assigned a set of descriptive 
parameters to appropriately model its constituent line of business. Needed 
parameterizations relate to such items as premiums, losses (including loss adjustment 
expenses), other expenses, and payment patterns, as well as their stochastic properties. 
A preliminary step in our analysis involved restating historical results to be consistent 
with our five modeled lines of business B. Table 3 summarizes some the attributes that 
define these five modeled lines of business. 

6 E.g. CMP results were segregated into property or casualty and allocated to our 
Property or General Liability lines of business, respectively. 
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Table 3: Key Liability Values 

Une of  Business Previous A v e r a g e  Current  M o d e l e d  
Year Net  Acc iden t  Booked M e a n  Year 
Earned Year Loss+LAE 1 

Premium Durat ion Reserves C o m b i n e d  
(Millions) (Years) (Millions) Ratio 

Workers C o m p  209 3.9 555 113 

Auto  Uab 764 2.4 924 120 

Home/CMP(Prop)  525 1.3 316 106 

Auto  Phys Dam 671 0.9 83 94 

GL/CMP(Liab) 239 3.8 452 96 

All Lines Total 2,409 2.1 2,330 107 

See Appendix A for a more detailed explanation of the Liability parameterization. 

Model parameterization refers to how the asset and liability variables are assumed to 
behave over the forecast horizon. Economic and capital market assumptions are an 
important part of any quantitative assessment of the potential rewards and risks 
associated with alternative strategic business decisions. The model that we used to 
generate our DFA economic and capital market simulations (FIRM TM Asset Model) 
differs from traditional mean/variance models in that economic variables, including 
interest rates and inflation, are explicitly modeled using accepted and rigorously tested 
stochastic processes. Details of the economic and capital market model 
parameterization can be found in Appendix B along with Step 3: Parameterization in our 
sister paper. DFAIC currently holds approximately 11% of its invested assets in 
equities. The majority of the remainder is invested in high quality fixed income 
instruments with an average maturity of approximately 7 years. 

DFAIC's current reinsurance program includes excess of loss coverage for property, 
liability, and workers compensation risks, as well as coverage for catastrophes. In order 
to model the effects of these and alternative treaties, we generated individual large 
losses and occurrences on a gross of reinsurance basis. This necessitates the 
development of both frequency and severity probability distributions within the context of 
a collective risk model. Both company-specific and industry experience were gathered 
and analyzed for this purpose. Once the collective risk model was parameterized, 
individual large losses and catastrophes were generated stochastically and reinsurance 
covers were applied to obtain simulated losses, by line of business, net of reinsurance. 
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Step 4:Model Runs 

The model runs needed for capital allocation are much more extensive and complex 
than those needed to determine capital adequacy, especially when using the Shapiey 
value allocation method. 

The Shapley value method, as discussed above, compares the marginal differences in 
some risk measure from adding a single individual to a coalition of individuals. For 
Shapley, the risk measure must be calculated the number of times indicated by the 
formula in Figure 8. For capital allocation, the DFAIC model has 6 individuals: 5 lines of 
business along with an allocation to assets. Therefore Shapley requires 63 different risk 
measure calculations. 

Figure 8 

The number of required calculations grows exponentially as the number of individuals 
grows linearly. The DFA model becomes very large as the desired level of detailed 
allocation increases. As can be imagined, this can become expensive in terms of 
required computer runtime and the amount of memory needed to store the model output. 

Shapley allocates to individual parts of the company by comparing the company "with 
and without" all combinations of the individual parts. From a practical perspective, how 
does one look at an insurance company without a line of business, or more interestingly, 
without assets. The method used in this paper adapts this "with and without" concept to 
looking at the company with and without the volatility associated with a certain line of 
business or asset portfolio. In real life companies use reinsurance to manage their 
liability risk, and adjust their asset allocations to manage their asset risk. This is the 
approach this method has taken for looking at a company with and without an individual 
source of risk. 

The DFA model has been parameterized to sequentially reinsure away all combinations 
of the five lines of business. We have applied loss portfolio transfers to the lines of 
business to remove the risk from the existing business, and have applied aggregate 
covers to reinsure away the future business. All reinsurance treaties have been priced 
on an economically neutral basis to mimic the company as if the business had never 
been written. 
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The first instinct of many might be to define minimum asset risk as investing all assets at 
the risk free rate. However, this is not true in an ALM/DFA framework, where risk is 
defined by the combined impacts of both assets and liabilities and their interactions. 
This method defines the minimum asset risk portfolio as the least risky portfolio on the 
economic efficient frontier. (See our sister paper for a full discussion of the efficient 
frontier) The minimum economic risk asset portfolio has been calculated for each of the 
31 line of business combinations. (See Figure 8 where n=5) 

In the past, the volatility of assets has often not been recognized when discussing both 
capital adequacy and capital allocation. Many of the previous allocation methods 
concentrate on the risk associated with their respective line of business losses. In a DFA 
framework, where the entire balance sheet is holistically modeled, the contribution of 
asset volatility to surplus volatility can recognized. Historically, P&C insurance has 
thought of assets very differently than it has thought of liabilities. In fact, the differences 
when considering balance sheet risk are almost non-existent. Assets, like workers comp 
or auto liability, are just another element of the overall riskiness of the company. The 
allocation of capital to assets is a realization that the investment department is required 
to produce a higher return for a more risky investment strategy. 

This is best described through a heuristic example. Table 4 displays the capital required 
for two different asset strategies where the underwriting is held fixed. 

Table 4 

Asset Strategy Required 
Capital 

Less Risky Investment Strategy $100 

More Risky Investment Strategy $200 

The company currently is operating under the less risky investment strategy. If the 
company does not allocate capital to its investment department then the $100 would be 
split up between the lines of business. The investment managers then decide to move 
to a more risky investment strategy that doubles the total capital required by the 
company. The line of business managers are not going to accept this increase in capital 
allocated to their lines along with the increased return to premium they will be forced to 
produce to hit their target return on surplus. The investment department should be 
allocated a portion of this capital on which they should be forced to meet a target return. 
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Steps 5-7:Anslyze Output, Sensitivity Test, Present Findings 

The Shapley Value allocation method has been selected to allocate D#AIC's capital for 
their current net of reinsurance position. Table 5 shows the results of this allocation for 
two different risk measures: Standard Deviation of Statutory Surplus at the end of Year 
5, and TCE Required Capital discussed in the capital adequacy section of this paper. 
For comparative purposes, Table 5 also includes results using the Marginal "Last-In" 
allocation method. 

The Standard Deviation of Statutory Surplus measure considers the volatility of surplus 5 
years in the future assuming DFAIC maintains its historical reserving practices and has a 
normal responsiveness to unexpected inflation. The TCE Required Capital measure, as 
discussed in previous sections, looks at the required capital at the end of 1 year 
assuming the company immediately reserves to ultimate loss with perfect knowledge of 
the impact of future economic variables on loss payments. The TCE Required Capital 
has again been calculated using a 1% tolerance for each of the 63 Shapley 
combinations. 

Table 5: Capital Allocation Results 

Allocation Method Shapley Value Marginal Last-In Shapley Value 

Standard 
Allocation Risk TCE Required TCE Required Deviation of 
Measure Capital Method Capital  Method Statutory Surplus 

End of Year 5 

Capital Allocation 
Center 

Workers Comp 38% 43% 14% 

Auto Liab 24% 28% 34% 

Home/CMP(Prop) 9% 5% ] 5% 

Auto Phys Dam 1% -5% 15% 

GWCMP(Liab) 18% 20% 1 ] % 

Assets 10% 9% 11% 

The allocation of capital to assets is comparable between all measures. The percentage 
allocation to assets would increase if the company were to more aggressively invest its 
required and excess capital. 
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The Marginal "Last-In" allocation method only evaluates the marginal risk addition to the 
business as a whole. The Shapley value allocation method builds on the Marginal "Last- 
In" concept by considering all possible combinations of entry. One of the most striking 
results presented in Table 5 is the negative allocation to Auto Physical Damage (APD) 
for the marginal allocation of TCE Required Capital. The APD line of business is very 
profitable, not very volatile, and makes up approximately one quarter of DFAIC's book of 
business. The magnitude of the "Large Losses", in the TCE calculation, is dampened 
when the large and fairly certain expected profit from the APD line is added to the tail 
scenarios generated by the more volatile and less profitable lines of business. This 
results in an overall decrease in the TCE Required Capital when this line is added. 

But, is it appropriate to analyze the marginal impact of a line of business being added to 
the business as a whole? The axioms supporting the Shapley value method would say 
no. As a stand alone, the APD line of business would require capital to operate. These 
two scenarios, the marginal impact of a line to the business as a whole and the stand 
alone, produce the extremes of the potential results. Shapley takes both of these 
extremes into account, along with all other potential combinations. 

Table 6 displays the normalized percentage allocation to the individual lines of business 
for the portion of capital assigned to liabilities for both of the risk measures using the 
Shapley value allocation method. Additionally, some key loss metrics are shown. The 
selection of risk measure is dependant on what a company considers risk. The 
company should hold a total amount of capital, and allocate its capital, in a manner 
consistent with its definition of risk. 

The percentage of capital allocated via the Standard Deviation measure aligns closely 
with the percentage of loss exposure from the 5 years of new business (Expected 
Accident Year Loss & LAE) and the existing reserves (Current Booked Loss & LAE 
Reserves). In fact, for all lines, the allocation percentage falls within the range of the new 
business and existing reserve percentages, tn addition to the magnitude of loss 
potential, the measure is to a lesser extent driven by the volatility of the individual lines. 
For example, the Auto Physical Damage (APD) line accounts for 24% of the new 
business loss exposure but is assigned a slightly lower percentage of capital. DFAIC's 
APD line has been modeled with the least loss ratio volatility of any of the lines. This is 
the factor that dampens the allocation of capital to 17%. 

The Standard Deviation method looks at risk as uncertainty of all potential losses, 
whether good or bad. In contrast, the TCE Required Capital Method concentrates on 
those extreme tail events that can cause insolvency. Referring to the results in Table 6, 
the TCE Required Capital Method allocation is very different from the Standard 
Deviation of Statutory Surplus allocation. The capital is being allocated to the longer 
tailed lines. In fact, the allocation seems to be driven by the duration of the individual line 
of business, but dampened by the overall magnitude of the line of business. For 
example, workers compensation, the longest tailed line is allocated a portion of the 
capital much greater than its corresponding portion of expected loss exposure. The 
longer tailed lines, workers compensation and general liability, have increased their 
allocations over the standard deviation method, while the shorter tailed lines have 
decreased their allocations. 
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Table 6: Line of Business Shapley Value Allocation Analysis 

Capital Allocation Standard TCE Required Expected Current Average 
Center Deviation of Capital Accident Booked Accident 

Statutory Method Year Loss & Loss & Year 
Surplus End (Normalized) LAE LAE Duration 

of Year 5 Reserves (Years) 
(Normalized) 

Workers Comp 16% 42% 9% 24% 3.9 

Auto Liab 38% 27% 37% 40% 2.4 

Home/CMP(Prop) 17% 11% 22% 14% 1.3 

Auto Phys Dam 17% 1% 24% 4% 0.9 

GL/CMP(Liab) 12% 21% 8% 19% 3.8 

Assets X X X X X 

DFAIC holds per occurrence and per risk reinsurance across all lines along with a CAT 
cover: $500,000 retention for all major lines, except property, which has a $1,000,000 
retention. The company has covered most of its exposure from real severity (where real 
severity is sevedty in real dollars which strips out the impact of unexpected inflation) 
through reinsurance. Most people do not think about decomposing severity into non- 
inflation based and inflation based components. Additionally, due to the law of large 
numbers, it is difficult to grossly misestimate frequency of large occur rences  for a 
company of this large size. As a result, one of the greatest profitability/surplus 
exposures the company faces is from mispricing the policy due to increased nominal 
severity driven by unexpected inflation. Unexpected inflation impacts all sizes of loss. 
Therefore the majority of its impact is retained by DFAIC and not ceded to its reinsurer. 
A decomposition of DFAIC's risk to statutory surplus is displayed in Figure 9. (See 
Correnti [13] for more discussion of decomposition of risk.) 
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Figure 9: Decomposition of Statutory Risk 
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The power of unexpected inflation does not discriminate based on the size of the 
company. Unexpected inflation does not diversify away. In fact, it cumulates over time. 
As seen in Figure 9, the contribution of inflation to the overall balance sheet volatility is 
significant even when looking at the company over a one-year time horizon. As the time 
horizon extends, the risk from real underwriting (real severity + frequency) diversifies 
and the contribution of unexpected inflation begins to dominate the risk landscape. 
Though inflation is currently at relatively low levels, we can not be lulled into believing 
that the inflation levels of the early 1980's will never return. 

At first glance, a 42% allocation to workers compensation seems outrageous, in 
analyzing the tail events (worst 1% of all simulated combined lines results) this allocation 
begins to look less outrageous. Again, the company has defined "risk" as tail events that 
can yield insolvency. For analyzing these tail events, this tail risk seems to be largely 
driven by unexpected inflation. The average annualized compound inflation rate over a 
five year period for all modeled simulations is 2.4%, which is in line with the current CPI. 
The same statistic for the worst 1% of all simulations is 9%. Those lines with the longest 
duration, workers compensation and general liability, have the greatest exposure to 
unexpected inflation. As a result, the longer tailed lines are receiving a proportionally 
large amount of the capital allocated to them. 

This capital allocation exercise is all about how a company defines risk. They must 
select a risk measure that is consistent with how they define risk. 

133 



Conclusion 

In this paper we have: 

• Chosen a measure of risk (TCE) that is consistent with reasonable standard, as 
expressed by the axioms for coherent risk measures 

• Chosen an allocation method, using the TCE risk measure, and an allocation 
approach (Shapley) consistent with reasonable axioms for allocations. 

• Chosen a risk variable (statutory surplus) that incorporates the effects of both asset 
and liability variability. 

After we made these choices, we analyzed a hypothetic.a. I company DFAIC in a DFA 
framework. 

We chose a DFA framework because: 

• Interactions between line of business results are generally too complex to be 
modeled analytically 

• Modeling the simultaneous impact of economic variables on multiple categories of 
assets as well as on liability payments is too complex to handle analytically 

• Calculation of a risk measure such as TCE requires a simulation approach if the 
underlying components are modeled using simulation 

• We wish to allocate the cost of risk to the assets as well as to each line of business. 

We concluded: 

That DFAIC is currently adequately capitalized. Moreover, we have a measure of the 
amount of excess capital that can be released to the owners, and a framework to 
analyze changes to required capital levels as a result of changes to the reinsurance 
program, asset mix, or underwriting plans. 

That the allocation of capital to line, and hence the required cost of capital to be built 
into the rating structure differs from the values under other approaches. If our 
competitors continue to use traditional methods, we will be able to be more 
competitive in lines where our risk exposure is less. 
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Appendix A: Liability Parameterlzatlon 

Our study of DFAIC's current reinsurance program and how it compares to alternative 
programs does not include loss portfolio transfers or other retrospective coverage. 
Hence existing business, with its attendant loss and unearned premium reserves, is 
modeled on a net of reinsurance basis. New business, however, is modeled on a gross 
basis. This allows us to vary prospective reinsurance strategies and compare the 
consequences of differing strategies. Since a principle focus of our paper is the current 
reinsurance program and its possible alternatives, we begin with a brief discussion of 
DFAIC's current reinsurance program and its implications for parameterizing our DFA 
model. 

DFAIC's current reinsurance program includes excess of loss coverage for property, 
liability, and workers compensation risks, as well as coverage for catastrophes. In order 
to model the effects of these and alternative treaties, we generated individual large 
losses and occurrences on a gross of reinsurance basis. This necessitates the 
development of both frequency and severity probability distributions within the context of 
a collective risk model. Both company-specific and industry experience were gathered 
and analyzed for this purpose. Once the collective risk model was ready, individual 
large losses and catastrophes were generated stochastically and reinsurance covers 
were applied to obtain simulated losses net of reinsurance. Normally, company 
management would be consulted before finalizing company specific assumptions such 
as reinsurance arrangements or the frequency and severity of large losses and 
catastrophes. 

In setting up our model, we condensed DFAIC's business into five distinct lines: Workers 
Compensation, Auto Liability (both personal and commercial), Property (homeowners 
and CMP property coverage), General Liability (other liability, product liability, special 
liability, and CMP liability coverage), and All Other Miscellaneous Lines(predominantly 
auto physical damage). For ease of discussion, we will refer to the other miscellaneous 
lines as Auto Physical Damage (APD). Segregation of business into these five lines 
allows for the effective modeling of reinsurance programs without burying results within a 
mass of detail. Each of these five lines is assigned a set of descriptive parameters to 
appropriately model its constituent line of business. Needed parameterizations relate to 
such items as premiums, losses (including loss adjustment expenses), other expenses, 
and payment patterns, as well as their stochastic properties. A preliminary step in our 
analysis involved restating historical results to be consistent with our five modeled lines 
of business ~. 

9 E.g. CMP results were segregated into property or casualty and allocated to our 
Property or General Liability lines of business, respectively. 
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Projections of expected future premiums and loss ratios are in part based upon our 
assumed future business plans for DFAIC. An analysis of DFAIC's Schedule P reveals 
a recent deterioration in underwriting results and earned premium levels. Such a 
situation might indicate past DFAIC rate reductions made in an attempt to maintain 
market share within a competitive environment. Falcon's business plan is to raise rates 
thereby restoring loss ratios to DFAIC historical levels in three to five years. Anticipated 
effects of this business plan are reflected in our parameterization of future written 
premium levels. 

Table 1A: Projected Growth Rates for Written Premium 

Workers Comp Auto Liability Property General Liability APD 

2000 -2.5% -2.5% -2.5% -2.5% -2.5% 

2001 -2.5% -2.5% -2.5% -2.5% -2.5% 

2002 -2.5% -2.5% -2.5% -2.5% -2.5% 

2003 0% 0% 0% 0% 0% 

2004 2.5% 2.5% 2.5% 2.5% 2.5% 

DFAIC's simulated losses have been modeled in two pieces, core and large. Briefly, 
losses are categorized as large or core depending on magnitude. Large losses are 
simulated through a collective risk model, while core losses, specifically core loss ratios, 
are generated through a mean-reverting, momentum-driven random walk. 

The model user determines the appropriate mean reversion factor, momentum factor 
and long term average core  loss ratio. Considerations in selecting such parameter 
values might include an anticipated underwriting cycle or other market change. The 
actual simulated core loss ratio is generated from a user-selected distribution having a 
mean and a variance defined by the user. A blind algorithmic approach to selecting 
these parameters is not appropriate. As is true throughout the parameterization 
process, simulated results must be constantly checked to verify the reasonableness of 
results. For example, the variance of simulated, total loss ratios was checked against 
estimates of loss ratio volatility obtained from historical company results. 
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Table 2A: Accident Year Loss&LAE Ratios by Line of Business '° 

Year 1 Year 2 Year 3 Year 4 Year 5 Standard 
Deviation 

Workers Comp 85% 81% 77% 77% 77% 18% 

Auto Liab 92% 85% 81% 79% 79% 12% 

Home/CMP-Prop 78% 75% 75% 75% 75% 8% 

Auto Phys Dam 68% 65% 64% 64% 64% 8% 

GL/CMP-Liab 66% 61% 59% 58% 59% 11% 

The a b o v e  statistics do  not include the effects of catastrophes 

The timing of loss payments is as important as their magnitude. Payment patterns were 
estimated using DFAIC Schedule P loss triangles and industry results. We derived two 
sets of payment patterns that were separately applied to existing reserves and new 
business for each of the five lines of business. The consolidated reserve run-off pattern 
and accident year payment pattern for DFAIC are shown in Figure 1A and 2A. 

lo The standard deviations actually increase with accident year due to the diffused 
nature of our modeling process. Intuitively, one would expect volatility of projections to 
increase with the time horizon. 
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Figure 1A: DFAIC's Consolidated Reserve Run-off Pattern 
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Figure 2A: DFAIC's Consolidated Accident Year Payment Pattern 
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Expenses, other than the loss adjustment expenses already incorporated into the loss 
ratios, were modeled as both fixed and variable. Actual values were again obtained 
through a combination of company specific and industry wid~ statistics. 

We have already discussed some of the randomness modeled into the projected core 
loss ratios. Further randomness is introduced to the model through the sensitivity of 
losses, expenses, and premiums to unexpected changes in the level of inflation. For 
DFAIC, we modeled losses and fixed expenses as immediately and fully responsive to 
unexpected changes in the level of inflation while premiums were partially responsive 
after a one-year time lag. Inflation sensitivity introduces a stochastic element affecting 
loss ratios, expenses, premiums, and payment patterns. 
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The simulations include a reasonable level of positive correlation between lines of 
business as indicated in Table 3A. 

Table 3A: Ultimate Loss Ratio Correlation Coefficients 

WC Auto Property GL APD 

WC 1.0 

Auto 0.3 1.0 

Property 0.4 0.4 

GL 0.4 0.5 

APD 0.2 0.3 

1.0 

0.6 1.0 

0.3 0.3 1.0 

Such positive correlation between lines of business is commonly accepted. It is 
probably the result of several factors including changes to overall pricing levels in the 
insurance market and unanticipated inflation impacting the loss ratios of all lines of 
business. 

Assumptions concerning correlation between lines of business are part of a series of 
parameter assumptions important within the context of building an appropriate DFA 
model. Because of our inability to access DFAIC for further information, it is especially 
important that our assumptions are reasonable both in isolation and in conjunction with 
other assumptions. For example, our collective risk model for generating workers 
compensation losses gross of reinsurance appears reasonable when compared to 
industry and available DFAIC statistics. But just as important, when we used this loss 
model to develop pricing for the current workers compensation excess of loss cover, the 
indicated reinsurance premium was comparable to that indicated by DFAIC Annual 
Statement exhibits. Such observed consistencies build confidence in the model and its 
assumed parameter values. 
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Appendix B: Economic and Capital Market Parameterization 

The model that we used to generate our DFA economic and capital market simulations 
(FIRM TM Asset Model) differs from traditional mean/variance models in that economic 
variables, including interest rates and inflation, are explicitly modeled using accepted 
and rigorously tested stochastic processes. Capital market returns are then generated 
on a consistent basis with the underlying economic environment. This type of model has 
the following advantages over traditional mean/variance models: 

• the explicit modeling of both economic and capital market variables; 

• the ability to incorporate mean reversion in yields, providing for control over the serial 
correlation of capital market returns over time; 

• multi-period simulation capabilities; and 

• additional flexibility in modeling asset categories such as mortgage-backed securities 
and other securities with embedded options. 

The economic and capital market parameterization process involved identifying and 
selecting asset classes that best represented the homogeneous groups of invested 
assets available to DFAIC. The twelve asset classes we defined and modeled were: 

• Cash Equivalents 

• Government Bonds (1-5 years) 

• Government Bonds (5-10 years) 

• Government Bonds (10-30 years) 

• Corporate Bonds (1-5 years) 

• Corporate Bonds (5-10 years) 

• Corporate Bonds (10-30 years) 

• Municipal Bonds (1-5 years) 

• Municipal Bonds (5-10 years) 

• Municipal Bonds (10-30 years) 

• Common Stock 

• Preferred Stock 
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The economic and capital market simulation model required assumptions concerning the 
initial levels of interest rates, inflation rates, real GDP growth, equity earnings growth, 
equity PIE levels, and the dividend payout ratio together with a set of long-term levels to 
which the initial levels will.revert over time. In setting the long-term levels, the goal was 
to produce risk premiums between asset classes that are consistent with historical 
data". 

For our DFAIC study, we have set long-term levels equal to the initial market conditions 
as of our model start date (1/1/2000). This avoids bias with respect to expected price 
appreciation or depreciation due to interest movements or changing PIE ratios over the 
time horizon. Initial market conditions together with the assumed mean levels for are 
shown in Table lB. 

11 For example, the spread between cash and inflation is historically about 2% and the 
risk premium for long government bonds over cash is about 2%. 
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Table 1B: Initial and Mean Interest Rate and Share Assumptions 

Initial Conditions Mean 
Variable 1/1/2000 '2 Levels 

Government Yields: 
3-Month Interest Rate 5.53% 5.53% 
1 -Year Interest Rate 6.19% 
3-Year Interest Rate 6.34% 
5-Year Interest Rate 6.39% 
10-Year Interest Rate 6.36% 
30-Year Interest Rate 6.56% 6.56% 

Corporate Yields: 
3-Month Interest Rate 6.16% 6.16% 
1-Year Interest Rate 6.70% 
3-Year Interest Rate 6.99% 
5-Year Interest Rate 7.11% 
10-Year Interest Rate 7.28% 
30-Year Interest Rate 7.65% 7.65% 

Municipal Yields: 
3-Month Interest Rate 3.91% 
1-Year Interest Rate 4.09% 
3-Year Interest Rate 4.54% 
5-Year Interest Rate 4.79% 
10-Year Interest Rate 5.22% 
30-Year Interest Rate 5.99% 

Expected Price Inflation 2.5% 

Expected Real GDP 2.5% 

.£,.&,P ,r'~('l P/l: Pntin 39 

S&P 500 Earnings Growth 

S&P 500 Dividend Payout Ratio 40% 

3.91% 

5.99% 

2.5% 

2.5% 

3"2 

9.0% 

40% 

The returns for cash equivalents, bonds and common stock are directly controlled by the 
initial and mean assumptions shown in Table lB. 

,2 Source: Bloomberg 
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Cash Equivalent returns are the accumulation of 1 -month government interest rates over 
time. Government Bond returns are a function of the applicable interest rate level, the 
change in the rate and the bond maturity. Corporate and Municipal Bond returns are 
modeled as a proxy to the US Single A corporate and the insured general obligation 
municipal bond markets respectively. They are calculated similarly to government bond 
returns. Corporate yields are modeled at a stochastic spread to government yields and 
municipal yields are modeled as a stochastic ratio to the government yields. Reported 
market yields on corporate bonds are adjusted to reflect historical defaults ;s. Common 
Stock returns are modeled as a proxy to the S&P 500 index. The'returns are composed 
of capital gains/losses plus dividends". 

Table 2B shows the e x p e c t e d  annual (arithmetic) and  annual ized c o m p o u n d  
(geometr ic)  returns for each  of the twelve mode led  asset classes. 

13 This is based on the 10-year cumulative default study for Single A bonds provided by 
Moodys. A 50% recovery rate on defaults is assumed. 

~4 Because we are assuming that long-term mean P/E ratios are equal to initial P/E 
ratios, valuation changes are not reflected in the risk premium between stocks and 
bonds. Thus the modeled equity risk premium is less than the historical average (6-7%), 
but is in-line with the historical average when adjusted for valuation changes. 
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Table 2B: Simulated Five-Year Return Statistics '5 

Expected Annualized Annualized 
Annual Annual Compound Compound 

Asset Class Return Std Dev Return Std Dev 

Cash Equivalents 5.9% 1.9% 5.9% 1.4% 

US Gov't Bonds (1-5) 6.5% 3.5% 6.5% 0.8% 
US Gov't Bonds (5-10) 6.9% 6.7% 6.7% 1.8% 
US Gov't Bonds (10-30) 7.4% 10.7% 6.9% 3.3% 

US Corporate Bonds (1-5) 7.2% 3.6% 7.2% 0.9% 
US Corporate Bonds (5-10) 7.6% 6.8% 7.4% 1.9% 
US Corporate Bonds (10-30) 8.0% 10.8% 7.5% 3.3% 

US Municipal Bonds (1-5) 4.9% 3.2% 4.8% 0.7% 
US Municipal Bonds (5-10) 6.1% 7.8% 5.8% 2.0% 
US Municipal Bonds (10-30) 7.0% 11.8% 6.4% 3.2% 

US Stock 10.8% 20.0% 9.3% 7,6% 
Preferred Stock 8.3% 12.6% 7.7% 4.2% 

15 Expected annual return statistics are arithmetic averages and are indicative of risk and 
return expectations over a one-year holding period. Annualized compound return 
statistics are geometric averages and reflect the impact of time diversification over the 
five-year holding period. 
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Appendix C: Coherent Risk Measures 

This paper assumes that, when choosing a risk measure, the risk measure should be 
coherent. That is, it should satisfy the axioms of coherence. While this concept is not 
new, it is relatively new, and has not been discussed in detail in the Casualty Actuarial 
Society literature. Consequently, while we will refer readers to the original papers for the 
complete explication of the concepts, we would like to summarize some of the key points 
here, with specific application to the concept of risk measures used for the determination 
of surplus levels. 

Actuaries have developed a number of risk measures over time and debated the merits 
of the alternatives. The discussion of standard deviation versus variance versus 
covariance has been discussed in a number of places [19],[20],[29],[37],[38]. However, 
until recently, the measures were generally developed ad hoc. Very recently, several 
researchers [3],[4],[5] have approached the problem by defining a set of axioms, and 
then examining the set of risk measures that satisfy the axioms. 

Let: 

,, X~ represent portfolios of risks. (Think of it as the liabilities of a particular insurance 
company). 

• c(be some constant 

• p(o) be a function that assigns a value of risk to a portfolio 

Axiom T--Translat ion invariance 

p(X + ~ r) = p(X) + ~. 

That is, if a constant loss is added to a portfolio of risks, the required surplus for the 
combined portfolio is increased by the amount of the constant loss ~6. 

18 The careful read will note that this formula differs from the formula in the papers by 
Artzner et al. In those papers the right side contains a negative o[, rather than positive. 
This is because their paper is written in terms of assets. Adding a risk free asset to a 
portfolio of risky assets reduces the surplus requirement. In actuarial convention, we 
express losses using positive numbers. If we expressed them in terms of negative 
values, then the Artzner formulation would apply, and we would interpret the constant as 
adding a positive amount, an asset, to a set of liabilities. In that case, the addition of a 
positive amount to a set of losses (expressed as negatives) would reduce the surplus 
requirement. 

150 



Axiom S---Subadditivity 

p(Xl+X2) < p(Xl) + p(X2) 

That is, if we have two separate portfolios of risks, the surplus requirement for the 
combined portfolio is no larger than the sum of the surplus requirements for each 
portfolio. 

Axiom PH--Positive Homogeneity 

p(e.X)= ~ p(X) 

If we have a surplus requirement for a portfolio of risks, increasing each risk by a scalar 
increases the aggregate surplus requirement by the same scalar. As an alternative 
example, we could say that, if two researchers analyze a portfolio, and one expresses 
the amounts in dollars, and the other in thousands of dollars, the resulting surplus 
measures should differ by the same factor, a factor of 1,000. 

Axiom M~Monotonicity 

For Xl<X2, p(X1)<p(X2) 

If a particular portfolio is completely dominated by another portfolio, that is, if for every 
quantile, the loss amount in the second distribution exceeds the value of the first, the risk 
measure will be greater for the second lz. 

These axioms do not appear to be overly restrictive. However, as various papers have 
shown [3],[4],[5],[30] traditional risk measures such as VaR (probability of ruin), EPD, 
standard deviation measures, and variance measures fail one or more of these axioms. 
The rationale for the TCE measure is that it does satisfy these four axioms. 

17 As noted in the previous footnote, this formula differs from that in Artzner et al. The 
inequality sign is reversed. The reasoning is the same. In actuarial convention, we tend 
to express losses in positive amounts, as well as surplus requirements. Given two 
portfolios of risks, one of which dominates the other, the inequality sign will be reversed, 
depending on whether the losses are expressed as positive or negative values. As long 
as the researcher is careful with the sign convention, the values of the surplus 
requirements should work out correctly. 
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D F A  - T h e  V a l u e  o f  R i s k  

S T A V R O S  C H R I S T O F I D E S  A N D  A N D R E W  D .  S M I T H  

ABSTRACT 

This paper describes the use of  a Dynamic Financial Analysis (DFA) model to answer questions on 
capitalisation, business and asset strategy in the case of  a US P&C insurer, in the framework of  
maximising stockholder wealth. 
We measure this wealth by applying a risk measure on the individual stochastic cash flows from 
the DFA model, in preference to.more conventional approaches based, for example, on historic 
betas The risk translates into value by two mechanisms: 
1. For systematic risk, we use a multiple-factor arbitrage-free pricing approach. This is calibrated 
to be consistent with the prices that our stochastic macroeconomic model generates. We 
implement these ideas using explicit deflator processes. 
2. Both systematic and non-systematic risks generate frictional costs, which we model explicitly. 
These costs are o f  vital importance to insurance, yet are often overlooked in DFA analysis. We 
allocate these frictional costs back to each simulation so as to produce realistic, rather than 
idealistic, financial statements which then enable us to look at capitalisation issues as well as 
valuation ones. 
Our approach to risk definition is consistent with the recent findings of  the CAS Risk Premium 
Project - see Butsic et al (2000) 
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E X E C U T I V E  S U M M A R Y  

The followmg report outhnes a detaded analysts o f  DFA Insurance Company (DFAIC) usmg 
Dynamtc Fmanctal Analysts (DFA) Thts ts a b n e f  summary of  our c o n c l u s t o n s -  our full report 
provtdes more detatls and supportmg evtdence 

Is DFAIC adequately capltahsed ~ 

We beheve that the company can reduce tts capttal by at least $100m wtthout mcreasmg tts risk to 
financtal tmpatrment We measure thts tmpatrment by est~matmg the probabdtty dtstnbutton o f  the 
mmtmum surplus to premium ratto over a five year projectton period Thts capttal release ~s part o f  
a new strategy that has reduced asset risk wtth all eqwty mvestments  replaced by bonds and a 
more aggresstve msurance strategy whtch ehmmates all class excess o f  loss remsurances 

We have demonstrated that thts new strategy (Scenario 8) ts just as financtally sound as the 
extstmg one (Scenario 1) whtch has been good enough to ensure the company mamtamed tts A 
rating from A M Best over the last five years The new strategy increases dividends to 
shareholders by around $65m pa on a reduced capttal base without mcreasmg risk to 
pohcyholders or management 

How should the capttal be allocated to hne o f  business ~ 

We have allocated capital wtthm DFAIC accordmg to the risks to whtch it is exposed The risk 
costs for each class include the class spectfic systemattc and non systemattc costs and an 
apportionment o f  the frtcttonal costs assocmted wtth the capttal account Our allocatton o f  capttal 
ts shown m the pte charts below for Scenarios 1 and Scenario 8 Scenario 8 has lower maintained 
surplus holds no equtty mvestments  and places no class o fbusmess  relnsurances 

Capital  A l locat ion Scenar )o l  

S Tall 

13% c OCor 

WC ~ P P A  
9% C A T  20% 

5% 

Capital  AI Iocat)on Scenano8  
S Tall 

14% 

mo 

1% 

7% CAT ~ 
fi% 19% 
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What is the return distribution of  each business and is it consistent with the risk for  the line? 

We have estimated the distribution of emerging profits, gross of frictional costs, for each line of 
business. From these distributions, we have identified two components of the cost of capital, 
relating to systematic risk and also to frictional costs. 

The chart shows the mean profit, and the associated capital costs, expressed as a proportion of net 
premium income. The two lines show the 'ideal profits' for the two strategies, Scenario 1 and 
Scenario 8. The blocks show the cost of capital for each class for the two strategies. These class 
costs consist of the class specific risk costs and the allocated capital account frictional costs. 

We can see that the Home class is destroying significant value for shareholders; this warrants 
management attention. The class results are poor, even after investment income, and the cost of 
capital is large thanks to the catastrophe exposures. 

Although PPA and CMP are currently generating profits, these are not creating value because the 
cost of capital exceeds the profits generated. However, scenario 8 improves profitability by 
reducing reinsurance costs, and also reduces the cost of capital by more prudent investment. The 
restructuring we have suggested would then transform PPA and CMP into value-creating classes 
of business. 

CAL, WC and C Other produce profits, which comfortably exceed their cost of capital under 
Scenarios 1 and 8. Our class risk allocations include the capital account frictional costs. 

30% 
u~ 

E 25% 
.__. 
E 20% .= 
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Should the company buy more or less reinsurance? 

DFAIC, under the assumed base scenario (Scenario 1), currently pays $145m per annum in class 
excess of loss reinsurance premiums. In return it receives, on average, $75m of reinsurance 
recoveries, and a reduction of S3m in internal frictional costs. There is negligible impact on 
systematic risk. 

The analysis also shows that DFAIC can terminate these class reinsurances without impacting its 
financial strength, as measured by its ability to maintain its surplus to premium ratios at levels that 
are almost identical to those it achieves with the benefit of these reinsurances. The company can 
therefore achieve this change in strategy without requiring additional capital. Allowing for the 
additional frictional costs and tax, the shareholders will see an average increase in dividends of just 
over $30m pa throughout the plan period. 

In the case of the catastrophe reinsurance protection, the analysis (Scenario 3) indicates that the 
annual savings will be around $8m pa, after allowing for the $4m increase in frictional costs. The 
impairment analysis, in this case, indicates a weakening financial position, which will require 
additional capital. We have not attempted to identify this amount, as it is unlikely that such a 
change in catastrophe reinsurance protection will be considered prudent or justified by external 
analysts in the short term. This is an area for future DFA analysis. 

How efficient is" the asset allocation? 

DFAIC currently invests 35% of its free assets (surplus) in equities. Allowing for higher returns 
and also higher risk-based operational costs, this strategy increases mean profits by $43m over a 
five-year period compared to a bond strategy. The corresponding increase in cost of capital for 
DFAIC is $94m. Therefore, the equity strategy is destroying value. 

There may be some arguments for establishing bond portfolios that more closely replicate the 
liabilities, however our analysis indicates that this is of little value in the context of the avoidable 
operational costs imposed on DFAIC by the current equity exposure. 
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1. I N T R O D U C T I O N  

Insurance managers, insurance regulators and analysts have long recognised the potential value of 
asset-liability modelling (ALM) for P&C companies. Examples of ALM or Solvency models can 
be traced back to the late seventies and early eighties. In the nineties the subject was given a new 
name, DFA or Dynamic Financial Analysis, and this has now entered the P&C vocabulary as the 
process for financial risk evaluation of P&C insurers. 

The early P&C ALM models progressed knowledge but failed to deliver much in answering real 
problems. There were two main reasons for these limitations. Firstly, there were poor links 
between assets and liabilities, often due to poor economic scenario generators. Secondly, there 
was no clear consensus on how to interpret the mass of outputs. These are the two key factors 
behind the development of the approach described in this paper. 

The DFA approach adopted concentrates on the key variables and attempts to maintain economic 
soundness in how assets and liabilities are modelled and how the results are interpreted. The 
resulting DFA framework for risk pricing recognises and quantifies systematic and non-systematic 
risk as recommended by the latest research on the subject by the CAS's own Risk Premium Project 
(RPP) Phase I and 11 Report -see Butsic et al (2000). 

The resulting framework enables the valuation and ranking of alternative management strategies 
and also provides a more realistic approach to the investigation of financial impairment and risk 
sensitive capital requirement questions. The methodology extends to the allocation of both 
systematic and non-systematic risk costs to individual DFA simulations or to classes of business. 
These risk cost allocations are often the main objective of 'capital allocation' and are derived 
directly and coherently from DFA outputs. 

This paper describes both the theoretical background and practical implementation of this new 
approach to DFA modelling using the study case selected for such a purpose by the CAS 
Committee on DFA. 

The next section introduces the case study, describes the main features of the DFA model used for 
the analysis and how this was calibrated for DFA Insurance Company. Section 3 contains the 
technical details that underpin the analysis. This section contains some new material. Section 4 
presents the results of the DFA analysis of DFAIC and demonstrates how the theory of the earlier 
section can help to turn the huge volume of DFA data output into a few key 'value' measures that 
can be used in the decision making progress. The final Section contains some concluding remarks 
and is followed by a list of References and a number of Appendices. 
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2. D F A I C  A N D  D F A  M O D E L  C A L I B R A T I O N  

OVERVIEW OF DFA INSURANCE COMPANY 
DFAIC is a US P&C insurance company licensed in all 50 states, which writes a balanced book of  
personal and mainstream commercial business. It has a primary concentration in the Northeast and 
Midwest and has enjoyed a rating of 'A'  from A.M. Best for at least the past five years. 

The company has minimal exposure to asbestos and environmental exposures and limited exposure 
to severe catastrophes. It maintains reinsurance protections to limit losses to $1million from 
individual risk and buys catastrophe reinsurance cover of  90%0 o f  $150m excess of  $50m for any 
single event, which limits the pre-tax PML exposure over a 100 year return period to 10% o f  
surplus, or roughly $160m 

Around 70% of  the assets are invested in fixed income securities, most in tax-exempt municipal 
bonds. Of  the remaining 30%, 18% are in cash and 12% in equities. 

The financial information available shows that in 1999 the company had net premium earnings of  
just over $2.3billion and a Surplus of  just over $1.6billion, or 70% of  its net annual premium. 

OVERVIEW OF THE DFA MODEL 
The DFA model used for the analysis is a multi-line, multi-period, multi-scenario stochastic plan 
generator, implemented in C++ for speed. For this exercise we used annual periods and simulated 
financial statements for five years. 

Economic scenarios are pre-generated and include the usual asset returns, split into income and 
gains as well as mid-year and end-year deflators and twenty year term structures for inflation and 
interest rates The deflators are used in the interpretation to quantify systematic risk and the term 
structures are used to set fair premiums and set claim reserves. For this exercise a 20-year term- 
structure was considered sufficient to cover the claims run-off period. More information on the 
economic scenario generator (TSM or The Smith Model) is given in Appendix A. For more details 
on deflators, see Jarvis et al (2001) 

The DFA model projects premium amounts using indices o f  exposure and rating adequacy and a 
fair premium adjustment. The adjustment allows for the impact o f  any changes in inflation and 
interest earning expectations over the period of  the exposures covered by the premium. Claim 
amounts are adjusted for any (earned) exposure changes and are simulated with anticipated claims 
inflation for the class in the case o f  reserves or actual inflation for the class in the case o f  
payments. Projected loss ratios are the result o f  simulated premium and loss figures rather than a 
simulated variable, as is often the case with DFA models. 

Three types of  claims are used. Small claims are modelled in aggregate using one of  the many 
available distributions. Large claims are modelled by a frequency and a severity distribution. 
Finally, peril losses are modelled at company, or market, level and then allocated to affected 
classes. A base year is used to define the required parameters and numbers and amounts for 
subsequent year simulations are calculated taking account of  exposure and inflation changes. 
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Reinsurance modelling is available at both class and company level. For this particular analysis we 
only used the class excess of  loss and the catastrophe excess of  loss reinsurance facilities. 

Expenses are modelled at class level, with four sets o f  parameters, a commission rate, and a dollar 
amount and by two percentages that apply to gross premiums and claim payments. Each of  these 
variables can vary by year. 

Assets backing liabilities are held in notional funds for each class, with the balance or surplus held 
in a capital account. Each of  these funds can invest in any o f  the available asset classes, which 
include cash, equities, index linked bonds and bonds of  various durations. 

A single tax rate is used and there is a facility for tax deferral on unrealised capital gains. The 
model accommodates a large number o f  dividend strategies, including varying amounts that may 
or may not be inflated, variable amounts based on percentages of  post-tax profits or varying 
amounts that pay any surplus in excess of  a premium ratio. This option allows the company to 
maintain a level o f  surplus to premium over its plan period and so attempt to maintain its actual 
rating in the market place. It is possible under this strategy for the actual surplus ratio to fall below 
the set target, which allows us to investigate the impact that a particular business strategy may 
have on the probability that such a ratio falls to a level that may lead to a downgrade o f  the 
company rating 

CALIBRATING THE DFA MODEL FOR DFAIC 

Capital  Structure  I Taxes and Dividends 
The capital, or surplus, was taken to be $1604m as at the beginning o f  the projection period and 

this  was made of  issued capital and retained earnings. It was assumed that there was no 
subordinated debt and that all dividends are p,'iid to shareholders. A tax rate o f  20% was used to 
reflect the low tax paying position o f  the company, with its high level o f  tax efficient municipal 
bond holdings. This is an area where a more US-specific tax treatment would be warranted in a 
real case exercise. 

The amount of  shareholder dividends paid in 1999 appeared close to the overall investment returns 
less policyholder dividends and taxes. Policyholder surplus reduced by $60m, or 3% o f  annuai net 
premiums, as a result and the year-end premium to surplus ratio increased from 1.4 to 1.47. As 
this did not impact the company's rating from A.M. Best, a premium to surplus level o f  1.43 was 
taken as reflecting the required level o f  surplus to be maintained through the plan period. 

The economic outlook for the plan period, as projected by the underlying scenario generator, 
indicated lower average investment returns for the whole of  the projection period. The most likely 
impact o f  reduced investment earnings will be reduced dividend payments. For the purposes o f  the 
evaluation, we defined a dividend strategy for DFAIC designed to safeguard its rating using the 
premium to surplus ratio of  1.43 discussed above, which is equivalent to maintaining a 'solvency 
ratio' (ratio o f  surplus to premiums) o f  70%. 
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It is also assumed that in case of overall losses there will be no dividend payments or capital 
injections. In such cases, the surplus ratio will increase (the solvency ratio will decrease) and in 
more extreme cases, or following a series of poor results, the deterioration'in surplus may lead to a 
ratings downgrade. This approach is used to test the resilience of the plans and ultimately the 
capital requirements of the company. 

Classes~ Premiums and losses 
There were seven classes of business with annual premiums exceeding $150m and a number of 
much smaller classes with aggregate net premiums of less that $65m. We grouped these smaller 
classes together for the modelling ending with just seven classes, Home, PPA, CAL, WC, CMP, 
Commercial Other and Short-Tall. Premium, loss and loss payment pattern characteristics were 
then obtained from the financial data supplied. 

For the purposes of the evaluation, we assumed that the company exposures are stable, with 
growth in premiums and claims costs arising purely as a result of economic variables, such as 
inflation and interest expectations affecting premiums and claims amounts. This implicitly assumes 
that future prices are being set to maintain the 'premium adequacy' at the base year (Year 2000) 
levels. Pricing cycles and price-volume changes could be included in the modelling but this was not 
considered necessary for this analysis. 

Expenses And Allocations 
Commission and expense figures were only available in aggregate and these were allocated to the 
above classes of business using broad assumptions, checked for overall reasonableness only. These 
allocations do not have a significant impact on the overall projections or results, except in that 
they limit what can be said with any degree of confidence in regard to the actual pricing adequacy 
of any of these classes. It is, however, still possible to make useful comments on the required risk- 
sensitive performance requirements tbr these classes. 

For the modelling, loss related expenses were included in the loss projections. Commissions and 
other expenses by class were then modelled by two class specific percentages. These percentages 
were set for the whole of the projection period. 

A~sets And Allocations 
Detailed asset information was available in aggregate form. The DFA model actually maintains 
invested funds for each class of business and the capital account (policyholder surplus) separately 
to facilitate better matching of assets and liabilities, if required. Choosing to mis-match assets and 
liabilities in this way may result in an increase in any systematic risk associated with the particular 
class of business and may well be a strategy that could be investigated in our framework. 
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The assets were grouped into seven main classes, cash, equities and bonds o f  durations o f  1, 3, 5, 
10 and 30 years. The initial invested funds for each class were estimated from the financial 
information and then allocated to the available asset classes broadly to reflect the term of  the 
liabilities. Equity investments were assumed to be from shareholder funds (surplus). These initial 
allocations were deemed to reflect the company asset strategy and were maintained through the 
projection period. The actual amounts and allocations are given in Table 11, Appendix B 

Large and peril losses and Reinsuranees 
The company buys a significant level o f  excess o f  loss and catastrophe reinsurance. We have 
modelled these reinsuranccs for all classes except for the short tail class. We estimated reinsurance 
premiums from the financial information and used the limits of  reinsurance purchased to help us 
select a likely large loss frequency and severity distribution for each class that provided a 
reasonable match to both the cost o f  the reinsurances and the amount of  cover purchased. 

We made an assumption that the price o f  these reinsurances is around twice expected risk cost. 
This may be considered relatively expensive cover. Clearly, assuming that these reinsurances are 
priced at below risk or expected cost will result in a clear benefit emerging from the purchase of  
the reinsurance, particularly if it is assumed, as will often be the case with such modelling, that 
there is no resulting credit risk associated with such low reinsurance costs. 

In the case of  the catastrophe cover, we used the amount o f  cover and the indicated PML 
exposure information to identify an appropriate set o f  loss generating parameters. Here the cost is 
assumed to carry a heavier risk loading of  2.66 times expected risk cost. This value is equivalent 
to pricing the catastrophe reinsurance using the Wang proportional hazards transform with a risk 
aversion index o f  I 6. See Christofides (1998) for more details o f  this approach and a justification 
for the choice of  the loading factor. 

in all cases, the Poisson distribution was used to generate the number o f  large claims and 
catastrophe occurrences. The loss amounts were generated by a new distribution, which we call 
the Parbull, and which is a Pareto with a Weibull tail. This distribution has three parameters, the 
usual two parameters of  the. Pareto, a scale and a shape, and the value at which the Weibull takes 
o v e r .  

Catastrophe exposures, losses and reinsurance costs, were assumed to fall 80% on the Home class 
with the other 20% on the CMP class. The average annual catastrophe retained losses are 
approximately 10% o f  premium for the Home class and 2.5% of  premium for CMP. This is a key 
assumption as it has a significant impact on the class results. The company has significant 
exposures in the North East, where the coastal region has a high hurricane exposure. With our 
limited knowledge of  the US market, we assumed that most o f  this exposure fails on the Home 
account. The choice of  affected classes and allocation was selected to demonstrate the 
implications of  such losses on the risk characteristics o f  the affected classes more easily, rather 
than reflect the actuality at class level. The overall company catastrophe risk impact is not affected 
by this allocation. 

The main parameter assumptions for the DFAIC calibration are given in Appendix B. 
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3. M O D E L L I N G  M A R K E T  I N T E R A C T I O N S  

EMPIRICAL NATURE OF DFA MODELS 
Our discussion of  the DFA modelling process so far has been largely empirical. There is no general 
theory to tell us whether large loss distributions should be Pareto, lognormal, gamma or some 
other family. The decision is a matter of  historical data, and in the absence of  data, experienced 
guesswork. 

This empirical aspect identifies a number of  possible problems with a model. Other authors 
analysing the same data are likely to built significantly different models. Given different data sets, 
but relating to the same company, two analysts' models would diverge still further. It is clear that 
our calibration is subject to significant model and parameter error. 

In many cases, there is little that can be done about this error, other than to acknowledge its 
existence and exercise caution in interpreting model output. To model the parameter error itself 
requires the construction of  meta-models in which the parameters themselves are treated 
stochastically. Vast arrays of  meta-parameters proliferate further, rapidly exhausting the degrees of  
freedom in the data. This way madness lies. 

SAMPLING ERROR AND OPTIMISATION 
There is one situation where a purely empirical approach to model estimation can be more 
dangerous. This arises in situations where one or more players are competing - for example, in 
capital markets and premium rates (both direct and reinsurance). In this case, a reasonable prior 
view would be that competitive pressures cause convergence in profitability between alternative 
investments or lines of  business. 

If  this prior view is not reflected in a DFA model, we risk overestimating the extent of  any capital 
allocation opportunities. For example, let us suppose (naively) that competitive pressures forced 
10 lines of  business towards equal expected profit margins as a proportion of  premium. An 
examination of  historic data is unlikely to show equal actual profitability; sampling error causes 
variations in the estimated results by line. 

If  we ignored the prior convergence view, we would estimate one line as being more profitable 
than the others. This would be an example o f a  non-compemive model. We would allocate most, if 
not all, of  the company's premium capacity to this most profitable line. We would overestimate 
aggregate projected profitability, and we would mistakenly forsake diversification in favour of  
hoped-for profits. To avoid such misleading results, it is important to consider the effect of  
competition in a more structured way. 
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MODELLING COMPETITIVE EFFECTS 
An ambitious way to model competitive effects would be to construct explicit models of  current 
and potential future competitors and their actions. In an insurance context, this many require a 
model of  many dozens of  firms; capital markets have millions of  participants. Such models quickly 
become unmanageable. 

Is there a practical alternative to simple models that assume no competition? The other extreme is 
to use economic models based on perfect competition. Economists have built these models to 
describe the effect of  a many parties competing with each other. In this case, major structural 
simplifications apply which avoid the need separately to model each individual participant in a 
perfectly competitive market. 

Competitive models contain many other useful pieces of  information. For example, competitive 
market models imply predictive theories of  how markets will price certain products. We use this 
pricing information to estimate the effect of  strategic choices on the price of  an insurer's share. 

The use of competitive models creates biases in the opposite direction from non-competitive 
models We underestimate profit opportunities. A competitive market provides no profitable 
niches; every cash flow is fairly priced. There is nothing to be gained from smart resource 
allocation. The best strategy is to diversify as far as possible and to track market resource 
allocation decisions. 

Whether we want to model a non-competitive, or a perfectly competitive, situation will depend on 
the characteristics of  the markets we wish to model - that is, how competitive we think the market 
is. It also depends on the outputs we wish to examine; if we need to estimate future market prices, 
there is no practical alternative to the use of  competitive models. On the other hand, if we model 
all markets as competitive, then the optimal strategy becomes a foregone conclusion - simply 
conform to a peer average. We must identify some competitive failures if DFA modelling is to be 
of  any value. 

MARKET PRICING AND DEFLATORS 
Probably the best contenders for the competitive market approach, in an insurance context, are the 
capital markets. This does not imply we think capital markets are perfect. There are specialist 
securities firms who have competitive advantages in terms of  information or execution, who can 
extract excess profits from capital markets by proprietary trading. However, most of  these 
institutions are not insurers, and in particular, DFAIC is not one of  them. It is prudent to assume 
DFAIC faces competitive capital markets. 

Such an approach provides the added boon of  a market pricing capability, which we have 
implemented using deflators. Our competitive asset model (TSM) explains traded asset prices in 
terms of their future cash flow distributions. We can also use the deflators to interpolate market 
pricing, thus valuing cash flows for which a market price is not directly observable. In this case, 
the competitive market framework provides a risk-sensitive equilibrium value for that cash flow 
stream. 
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This is vitally important for evaluating different corporate strategies. Our deflator approach 
provides market values for strategic alternatives. It is calibrated to replicate market prices of 
traded assets, so market consistency is guaranteed. The result of the modelling process is a clear 
ranking of attractiveness of different strategies, according to the value the market would put on 
DFAIC should it adopt that strategy 

To create meaningful valuations, the cash flow model needs to be good enough. Deflators are 
widely used in the pricing of financial products such as options Unlike financial products, there is 
no contractual formula linking insurance profit streams to capital market inputs. The links are via 
actuarial formulas containing all sorts of estimated parameters and leaving out all sorts of remote 
contingencies. We investigate some of these contingencies in the final section of this chapter. 

OLIGOPOLY PROFIT 
The next step from a competitive market model is to model some forms of market imperfection. 
This intermediate step is an oligopoly. An oligopoly may provide economic profits, for example 
because of barriers to entry, economies of scale, regulatory capture, or niches of asymmetric 
information. The oligopoly profit is an explicit adjustment between a competitive market price (for 
example, for reinsurance) and a price used in a DFA model. Such a modelling structure ensures 
that modelled premium rates respond appropriately, for example, to a change in interest rates or in 
inflation expectations. 

Simpler modelling approaches, for example based on loss ratios, do not respond in the right way 
to changes in the economic outlook. Instead, oligopoly profits in the loss ratio approach become 
implicit items. Even when inputs appear consistent, the implied oligopoly profit under the loss 
ratio approach is the difference between two large numbers in the calibration, and may behave 
erratically unless deliberate thought is given to the issue. 

In capital markets we have modelled oligopoly profits to be zero. In insurance markets we 
recognise a number of specific imperfections, which impact prices. As optimal corporate strategies 
are driven by deviations from perfect markets, our DFA approach involves optimising the impact 
of these imperfections. 

SYSTEMATIC AND NON-SYSTEMATIC RISK 
Deflators provide competitive capital market pricing for any cash flows, including insurance cash 
flows. Consistent with capital market theory, this methodology implies a reward for investors who 
are exposed to systematic risk, that is, market risk that remains even in a diversified portfolio. 
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This mechanism provides no reward for non-systematic, that is diversifiable or specific risk. There 
may be investors who face high diversification costs. Will these investors bid up the price of 
specific risk? No, investors with high diversification costs will favour investments, such as pooled 
vehicles, that are already diversified. Such investors will see as unattractive any insurance shares 
carrying material specific risk. Insurance shares will instead be sold at higher prices to investors 
who face lower diversification costs. 

Nevertheless, there is a widely held conviction in the insurance community that specific risks 
should carry some (non-zero) price. This is manifested in pricing practices such as standard 
deviation loads or proportional hazards transformations. It is also implicit in most approaches to 
capital allocation, which often look at percentiles, put option prices or other measures of total 
volatility, without distinguishing the systematic and non-systematic components. 

We make the distinction between perfection in capital markets, in contrast to the impact of well 
documented distorting costs embedded in insurance pricing. An insurer may well enjoy some form 
of competitive advantage in its core markets, where it has bought its way through entry barriers, 
building customer relationships, branding, developing specific expertise and managing relations 
with third parties such as regulators, distributors and analysts. It is less plausible to believe that 
international capital markets, with far lower barriers to entry, offer any special terms to insurers. 
This point is commonly misunderstood; for example, we often encounter the misconception that 
risk loadings in insurance markets necessarily imply a mis-pricing of traded financial securities. 

FRICTIONAL COSTS AND RISK LOADING 
The fact that deflators do not associate a premium with non-systematic risks has some important 
consequences. For example, in their ground breaking 1958 paper, Modigliani & Miller 
demonstrated that the way that a firm was financed, either using debt or equity, made no 
fundamental difference to the value that a market would place on a firm. Their argument showed 
that swapping equity capital for bond capital just increased the gearing of the firm and hence the 
return required by equity holders. They concluded that the capital structure of the firm was 
irrelevant to the firm's valuation. A similar argument explains that, within the context of perfect 
capital markets, changes in investment strategy would similarly leave unchanged the market value 
of an insurance company. 
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Modigliani and Miller considered a simple model o f  a company, which ignored a number of  items 
that are important in practice. They are sometimes called frictional costs, or operational risks 

Examples o f  frictional costs include: 

• Future business terms being sensitive to credit risk. 
• Project disruption & wastage ofunbudgeted flows. 
• Optimistic plans survive longer in uncertain world 
• Convex tax formulas - not able to use tax losses. 
• Back office / processing expense which is convex in transaction flow. 
• Capital raising, distribution, restructuring costs. 
• Double taxation of  income on retained surplus. 
• Operational risk o f  cash misuse. 
• Management time opportunity cost. 

Frictional costs may in the past have been given little attention because they have been regarded as 
small, compared for example to claim payments. More dangerously, future frictional costs are also 
often ignored within the planning process and even within DFA models. The model projections are 
overly optimistic. Although most actuarial models do not allow explicitly for frictional costs, there 
may be implicit allowance inside a hurdle rate of  shareholder return that seems puzzlingly high or 
in the use of  total risk measures in an efficient frontier construction. 

We prefer, instead, to build an explicit model o f  frictional costs. We allow management a 
constrained choice within a family of  convex functions, each o f  which relates frictional costs to 
profit. This enables us not only to measure current frictional costs, but also to understand the 
impact o f  possible risk mitigation initiatives, such as asset-liability matching or reinsurance. In so 
far as they can minimize the frictional costs the management can then influence the market value of  
the firm. 

MODELLING FRICTIONAL COST 
Our model for frictional costs is an extended proportional hazards approach. It is based on 'ideal 
profit' as an independent variable. We define and relate true profit, ideal profit and frictional cost 
as follows: 

true profit = ideal profit - frictional costs 

The ideal profit is a measure coming out of  a business plan or DFA model, which may contain 
optimism, either in parameter estimates or in cash flows omitted from the model 

We model frictional costs as a function of  the ideal profit. This function is determined by a 
combination of: 
• management choices, relating to sorer  decisions on how they run their business 
• market constraints on the minimised frictional costs for various aspects o f  the business. 
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We would usually expect frictional cost functions to be a convex function of  ideal profit, so that 
businesses whose profits are more risky also attract higher frictional costs. We would expect them 
to be minimised for some finite value of  profit, and to increase more steeply on the left than on the 
right. This is because unexpectedly low ideal profits typically generate more frictional costs than 
unexpectedly high ideal profits. 

We would expect frictional cost families to give at least the following flexibilities to managers 
• managers should be able to translate the frictional cost function by a scalar, so that an addition 

of  a constant (risk free) amount to the profit would not affect the frictional costs 
• managers should be able to choose between risk tolerant cost functions that are more or less 

fiat but high, compared to risk averse cost functions. A risk averse cost function would have a 
lower minimum but would increase faster if ideal profits moved away from that minimum. 

There are many possible choices of  frictional cost function families mat satisfy these criteria. Our 
chosen functions are of  the form: 

x 

- -  • + 

where: 
,, x is the ideal profit 
• 0 is the frictional cost 
• k is a risk loading parameter between 0 and 1, and is a determined by the overall level 

o f  costs in the market. ~. = 0 corresponds to zero risk loading; ~. = 1 implies that all 
risks are priced at their maximum value. 

• y is a dummy integration variable 
• G(v) is a function which increases from 0 to I a s y  moves from -oo to oo. The increase is 

not necessarily strict, nor continuous. 

Management Decision Process 

The softer management decisions are assumed to affect the choice of  the function G. In our model, 
they can choose this function in the knowledge o f  the distribution of  ideal profit. However, 
management cannot peek ahead to the actual outcome o f  ideal profit. 

We assume that management will choose the optimal profit to minimise the market value of  the 
frictional cost In other words, given a value of~. between 0 and 1, management are assumed to 
pick a function G to minimise the expectation: 

r[ D0(X) ] 

where D is the state price deflator. 

We can solve this optimisation problem as follows. Let F(x) be the cumulative probability function 
of  the ideal profit X. Let D(x) be the expected deflator, conditional on the ideal profit taking the 
value x. Then the value of  the frictional cost is given by 
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iD(x)O(x)dF(x) 

On simplification, we finally obtain the following frictional cost: 

We seek to choose G to minimise this quantity. The optimum is achieved when 
~t 

SD(y)dF(y) 
G(x) - ~ 

i D(y)dF'(y) 

We recognise this as the cumulative distr ibution function o f  G under the risk neutral law. 

The typical shape of the frictional cost functions selected for use in the analysis of DFAIC is 
shown in Figure 1. 

Figure 1: Typical Frictional Cost Curves from the DFA model 
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The minimised frictional cost is then 

and so 

E[DX - DO(X)]= I D(y)dF(y) I xd[G(x)'-* ] 

Thus, the mean value of the realistic profit is equal to the mean idealistic profit, but under an 
adjusted risk neutral probability law. The second adjustment involves raising the cumulative 
distribution function to a power of I-~.. This always has the effect of increasing the cumulative 
distribution function, or, alternatively, of shifting it to the left. This is equivalent to the 
proportional hazards transform proposed by Wang (1995). Wang's version has some sign changes 
relative to ours, as he deals with insurance losses where we deal with overall profit. Our analysis 
has shown how Wang's method deals with the non-systematic component of risk, as represented 
by frictional costs Our analysis, in using a risk neutral law, generalises Wang's work to cover.both 
systematic and non-systematic risks. 

Allocation of Risk Cost by Line 

We now move on to the allocation of frictional costs by line of business. We do not seek to 
allocate the costs on each simulation by line of business. Instead, it is the deflated value we 
allocate. Thus, we can either allocate total frictional costs by simulation, or by line of business, but 
not by both at once. 

Our approach requires a decomposition of ideal profit into the sum of a number of components, 
one for each line of business, and one tbr the capital account. The ideal profit for each line should 
add up to the ideal profit for the total. 

The idea then is to allocate the total frictional cost according to the marginal impact of each line of 
business. 

Let y(x) denote the conditional mean of the line 1 profit y conditional on the total profit being x. 
Our expression for the allocated frictional cost is given by the integral: 

It is clear from this expression that the total of the allocated costs for each line gives the value of 
frictional costs for the business as a whole, as it should. 
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4. D F A  A N A I  N S I S  O F  D F A I C  

This section presents the main results o f  the DFA analysis o f  DFAIC. These results are based on a 
set o f  assumptions made from very limited data and with no access to management. The analysis 
could be improved with more information and with access to management. Such information may 
have a significant impact on absolute values, such as an estimate of  the market value of  DFAIC, 
but may have less o f  an impact on the risk costs calculated or their allocation. 

RECENT PERFORMANCE AND FUTURE PLAN ASSUMPTIONS 
The company experienced an operating ratio o f  around 105.5% and paid dividend to stockholders 
in excess of  $300m, reducing policyholder surplus in the year by nearly $60m. Accident Year 
losses for 1999 looked somewhat higher than the more developed positions o f  the earlier accident 
years and this may indicate some initial redundancy in the most recent claims provisions 

The 1999 accident year net loss and loss expense ratio was over 7% points higher than the revenue 
year figure. We have assumed that the opening balance sheet claims reserves as well as all future 
claims reserves are set on a best-estimate basis without any margins. Any surplus in the opening 
loss reserves will be 'lost' as it will be assumed paid as a loss or loss expense. This is an area that 
would receive much more attention in practice. In a real DFA analysis, a reserve review would 
often be a necessary first step of  the DFA exercise. 

The company has cash balances totalling 18% o f  assets, which seems a little high for a company 
with a relatively diversified portfolio and with relatively low exposure to catastrophe losses The 
bond portfolio also appears to be o f  longer duration than the insurance liabilities it is supporting 
Equity investments are almost insignificant, at 12% o f  overall assets. The impact o f  increasing the 
equity investments and moving the bond portfolio nearer to the duration of  the liabilities will be 
considered in the analysis section. 

The company buys a considerable amount of  reinsurance, to provide protection to relatively low 
levels o f  retention at class o f  business level. A cursory review of  gross and net accident year loss 
ratios did not indicate any significant smoothing or benefit from these reinsurances at company 
level. The impact o f  the main excess of  loss reinsurance treaties will be investigated to see whether 
these reinsurances actually reduce the company results variability or simply protect class of  
business results at a real cost to shareholders. 

THE BASE SCENARIO 
The select 'Plan Scenario' has parameter selections that result, on average, in an operating ratio 
that is below that reported in 1999 before allowing for frictional costs. Once allowance is made for 
these costs, the average operating result is in line with the base figures. 

For the purposes of  the exercise, it is assumed that the company continues to write the same 
volume of  business at the same fair premium levels, all protected with the same reinsurance 
arrangements at similar costs. Expense and commission rates remain the same throughout the five- 
year projection period and asset allocation as initially derived for each 'fund' are rebalanced at the 
end of  every year to their initial percentages. 
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Finally, any surplus in excess o f  a premium to surplus ratio of  1.43 (70% solvency ratio) is paid as 
dividends to shareholders. This dividend strategy is selected to test the ability of  the company to 
maintain its market rating and fund its inflationary premium growth without recourse to 
shareholders. Clearly, such a policy results in variable flows o f  dividends that could be zero, in 
cases where results are poor or surplus adequacy levels are recovering. 

Some summary plan statistics o f  the base scenario are given in Appendix B 

ALTERNATIVE SCENARIOS FOR DFA ANALYSIS 
In order to test alternative strategies, a number o f  other sets o f  assumptions, or scenarios, were 
selected to demonstrate the use o f  the DFA model and explore some of  the questions listed. 

Eight different scenarios are used in the analysis These are as follows. 
Scenario 1 Base or assumed Plan with the reinsurance and asset strategies as in 1999 
Scenario 
Scenario 
Scenario 
Scenario 
Scenario 
Scenario 
Scenario 

2: Base but with no Class Excess of  Loss Reinsurance 
3. Base but with no Class or Catastrophe Reinsurance 
4: Base but with reinsurance at risk cost (cover at risk or expected loss costs) 
5. Base but wilh 100% of  surplus in Equities rather than 35% 
6: Base but with all investments in bonds with mean terms matching the liabilities 
7: Base, no reinsurance, surplus in equities (Scenario 3+Scenario 5) 
8: Base, lower capital, no class reinsurance, investments in bonds 

Looking at these alternatives, Scenario 4 will be better than Scenario 1, if cheaper reinsurance can 
be purchased without an increase in credit risk and should provide a benchmark for evaluating the 
other reinsurance alternatives. Scenarios 5 to 7 are intended to help evaluate the asset or 
investment strategy. Scenario 7 should prove to be a high risk one. Scenario 8 was developed after 
some initial evaluation o f  the results o f  the earlier scenarios. 
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EVALUATION OF ALTERNATIVE STRATEGIES 
Results from the economic evaluation of  the above scenarios, using 2,500 simulations over the 
five-year projection period, are shown in Table 1. The calculations are based on the pre-tax profit 
values, adjusted for systematic and non-systematic risk, using a frictional cost index of  ~. = 0.33. 
The impact o f  such a choice is considered later. The 'P-TP@rfr' row shows the average value of  
the 'plan period Pre-Tax Profits discounted at the risk free rates, The CSV (Contribution to 
Shareholder Value) line shows the result o f  adjusting the earlier discounted values for both 
systematic and operational risk, using the method outlined in Section 2. As these calculations are 
based on the pre-tax profit figures as the independent variable, the CSV is a gross o f  tax value. 
Post tax values are discussed later when we discuss the value of  dividends and of  the company. In 
the meantime these gross figures are sufficient for the first evaluation o f  alternative strategies and 
for risk cost allocations. The values shown are the averages over the five year period. 

Table 1 : Scenario Value and Risk Cost corn )arisons 
Value Scenl Scen2 Scen3 Scen4 Scen5 Scen6 Scen7 Scen8 

P-TP @ffr 175,123 248.122 261,594 257,945 202,009 159,400 290,307 221,456 
Sys Cost 18,593 19,218 19,257 18,687 48,725 1,574 50,617 1,381 

Frictional Cost 46,567 48 ,969  53 ,027  47,4~.,~) 79 ,948  33 ,532  85 ,632 34,543 
Total Risks 65 ,160  68 ,187  72 ,284  66 ,176  128,673 35,106 136,249 35,924 

CSV (Gross) 109,963 179,936 189,310 191,769 73,337 124,294 154,057 185,532 

The following figure shows the results much more clearly. 

Figure 2. Scenario Value and Risk Cost comparisons 
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Both Table I and Figure 2 show results that are in line with expectations. It is expected, for 
example, that cheap, good quality, reinsurance (Scenario 4) should be more valuable than 
expensive reinsurance (Scenario 1). This is confirmed. The results also indicate that, in terms of 
shareholder value, reinsurance at much above risk cost (Scenario 1) is not of value to shareholders 
who may be much better offwith less reinsurance (Scenarios 2) or no reinsurance at all (Scenario 
3). 

These observations are, however, based purely on the shareholders' perspective. Later analysis will 
consider what these strategies may do to the security of the policyholder and also the interest of 
the other key stakeholder, the manager, who may also lose if the company loses its rating as a 
result of strategies that are of benefit to well diversified shareholders. 

Looking at the next four scenarios, it is clear that investing the surplus in higher risk assets, such 
as equities, increases the average return but may also significantly increase both systematic and 
non-systematic risk costs. This strategy (Scenario 5) is shown to be less valuable than any other of 
the tested strategies. Investing the surplus in bonds reduces average returns but increases value 
(Scenario 6). Scenario 7 is a high risk one. There in no reinsurance and the surplus is invested in 
equities. The average return is now maximised, but this strategy generates high risk costs. We will 
see later that it is also a high risk strategy for policyholders and managers (Table 7). Scenario 8 
was developed by reviewing the earlier results and attempts to show a realistic practical strategy 
that management can adopt to maintain the financial strength, or rating, of the company whilst 
improving returns to shareholders. This strategy has lower initial capital, no class excess of loss 
reinsurances or any equity investments. 

The calculations assume a frictional cost index of 0.33. Figure 3 and Table 2 show the sensitivity 
of these conclusions to the choice of index. At a value of 0, we only allow for systematic costs. 

Figure 3: Impact of the Frictional Cost Index on Strategy value contribution 
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The actual dollar value impact of varying this key index is shown more clearly in Table 2. 
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Table 2: Impact o f  the Frictional Cost index on Shareholder Value Contributions 
CSV Sk 

k Scenl 
0 .00  156,530 
0 .20  131,413 
0 .33  109,963 
0.50 71,245 
0.60 38,869 

Scen2 
228,904 
202,477 
179,936 
139,323 
105,436 

Impact of ~. on Value Contribution 
Scen3 Scen4 Scen5 Scen6 Scen7 Scen8 

242,337 239,259 153,285 157,826 239,689 220,075 
213,993 213,621 109,478 140,100 192,952 201,786 
189,310 191,769 73,337 124,294 154,057 185,532 
143,624 152,420 11,611 93,729 86,700 154,228 
104,446 119,607 -36,382 65,904 33,375 125,841 

Table 2 shows that the Scenario 8, which was developed after the initial evaluation o f  the earlier 
scenarios, does create more value once we allow for non-systematic risk. Scenario 4 starts better 
but begins to lose as we increase the frictional costs. Scenario 4 is the one that assumes that 
reinsurance can be bought at risk cost, which is clearly unrealistic. Scenario 8 has starting surplus 
that is $100m less than the other scenarios as explained earlier. 

RISK COST AND CAPITAL ALLOCATIONS 
The interpretation methodology can be extended to the allocation o f  risk costs to the underlying 
classes of  business, including the capital account. 

Table 3 Overall Risk Cost Allocations - Systematic and Non-Svstematic Risk 
Value / Scenl Scen2 Scen3 Scen4 Scen5 Scen6 ' Scen7 Scen6 
Capital ] 38,504 40,341 38,796 39,829 111,311 5,300 1115,430 4,636 
Home 8,082 7,751 13,641 7 , 9 5 2  4 , 3 5 5  10,411 I 8,519 10,173 
PPA ] 5,276 5,711 5,097 5 , 2 2 8  3 , 6 0 3  5 , 4 3 0  2,940 , 6,010 
CAT ' 1,298 1,581 1,418 1,283 966 1,219 960 1,512 
WC ] 2,349 2 , 6 5 2  2,400 2,331 1,834 1,899 1,423 2,192 
CMP 1 5 ,445  6 , 5 7 7  6,769 5,405 3,732 5 , 6 3 4  4,239 5,791 
OC 785 1,304 , 1,100 770 581 709 660 1,246 

S-Tail 1 3 ,420  3 ,270 13,063 3 , 3 7 8  2 , 2 9 2  4 , 5 0 3  2,058 4,365 
Total Risk $ 65,160 68,187 72,284 66,176 128,673 35,106 136,249 35,924 

Table 3 shows allocation of  the Frictional cost values shown in ]'able I. The impact o f  the high 
equity investment of  the capital account (surplus) can be easily seen in the results for Scenarios 5, 
and 7. The impact o f  removing the catastrophe reinsurance protection can be seen in the Home 
and CMP risk cost increases for Scenario 3. It is interesting to note that in the case of  Scenario 7, 
the high equity investment increases overall risk charges with a greater proportion now falling on 
the capital account. In other words, variability from this source is more significant than variability 
from the liabilities. These costs can be subdivided further as shown in Table 4. 
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Table 4: Risk Cost Allocations - Frictional Costs 
~n~.nl ', Scen2 ', Scen3 ', Seen4 I Scen5 I Seen6 [ Scen7 ! Scen8 

Value I . . . .  I ,.,,.,=,.,,.., I ~n o ~  I 99 ~.r-,9. I 64 225 I 4 96 I 65 840 I 4 342 . . . . . .  I 

capila,, ,3445 77;;  4 ,114 ,0t9,  
Home I ' 

4 980 5 529 4 916 5 013 3 306 5,24' , , 
i PPA I ' , ,  I , ' , , ,  I ,'.~co I 1'162 I 815 I t 0 9  I 818 I 1,37o 

I W C  I , 2,2 2,269 1,707 1,88q , , 
4 784 4 897 6 101 4 794 3 071 5,08. , , 

[ CMP I ~^~ I ,'~o.-, [ l 'n~n [ "/42 I 501 [ 65(~ 1 6 8 4  I 1,249 

I OC I 3/3;6 ; ; ; ;  2 ,9 ; ;  3,294 1 2 , 2 0 7  4,42, 1,9832 : ; !883 
I S-Tail I 46 567 I 48 969 I 53 027 t 47,490 I 79,948 , 33,5.'2 I 85,6 , I Total Risk $ I 

The risk cost allocations can be used to derive the benchmarks neede, 
measurement. For example, they can be used to 'allocate capital'. It is 
risk costs to premiums to see what they indicate Table 5 shows such an 

Table 5: Total 
Value I 
Capital 1 
Home I 
PPA 
CAT 
WC 
CMP 
OC 

S-Tail 
Total to Prm 

Lisk Costs to Premiums 
S, nl See Z Seen3 

,% 1.5; b I 1.45% 
l% 2.11 ~, / 3.67% 

' I 0 8 ,  0.75% 
O. ~Vo I 0.8' to 0.75% 
1. )% 1.0' /o 0.97% 
1. t,% i 1.4 /0 1.77% 
1.17% 1.4 % 1.18% 
0.4 ;}% 0.4 Yo 0.44% 
2.61% 2.5 Vo 2.71% 

hmarks :ded for relative performance 
instructive to tabulate the 
analysis. 

seen4 seen5 = Seen6 
1.54% 4.46% 0.21~o 
2 20% 1.26 % 3.07, 
0.79% I 056% 08Z% 
0.71% I 0.56% 0.71% 
1.0"t% 0 .86% 0.8 ¢, % 
1.46% ~ 1.05% I 1 54% 
0.96% I 0.87% ,1.0(% 
0.48=/o 0 .33% I 0 6 , %  
2.56% I 5.15% ! 1 . 4 %  

Seen7 i ~cen~ 
4.33% ] 0.18% 
2.29% I 2.86% 
0.43% I 0.88% 
0.51% I 0.80% 
0m 58% I 0.89% 
1.11% I 1.53% 
0.73% I 1.34% 
0.29% I 0.62% 
5.11% [ 1.36% 

The percentages shown for the capital, or surplus, account are the risk costs associated with the 
investment of the surptus as a percentage of the overall premium. An alternative approach would 
be to allocate the capital associated frictional costs to the classes of business. These risk cost 
allocations can be turned into risk-sensitive profit targets by class of business, which can in turn, 
be expressed as target loss or operating ratios. All the information necessary to do this, such as 
claim payment and premium receipt patterns, is available from the DFA calibration but these 
results would be highly dependent on the accuracy of the expense cost assumptions. As both 
commissions and expenses were allocated from overall figures, based on no more than inspired 

guesswork, this has not been done for this analysis 

Whether and how overall risk costs should be allocated to classes of business is a matter of choice. 
For example, looking at Scenario 5, it is clear that the increase in investment risk, whilst increasing 
overall risk costs actually decreases the class of business allocations. Our class of business risk 
cost allocations for cost of capital or capital allocation purposes, would include the apportionment 
of the frictional costs associated with the capital (surplus) account. What is also happening here is 
that this higher risk strategy actually requires a higher level of capital in order to provide the same 
level of security to the policyholders. This is considered in the next section. 
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CAPITAL EVALUATION 
Insurance companies need to maintain a level of surplus which is considered sufficient by 
regulators and market security analysts and which provides a minimum necessary degree of 
protection to policyholders. Holding excess capital dilutes the returns to shareholders and may 
encourage managers to take on projects or business that they may otherwise consider unattractive. 

Identifying the 'correct or optimal' amount of capital for an insurance company is a particularly 
demanding task as so much depends on future utilisation and management competence, as well as 
market conditions, competition and many other factors that are often outside the control of 
managers. This optimal amount of capital should also reflect the financial exposures the company 
faces, both from the type of business it underwrites, its investment strategy and also its degree of 
geographic and business diversification. In practice, financial impairment, or insolvency in extreme 
cases, of insurance companies is often associated with mis-management or operational risk. 

Traditional capital evaluations using DFA or ALM or Solvency models, have tended to 
concentrate on financial impairment or probability of ruin using outputs from these models without 
any attempt to allow for such operational risks. The result is that increasingly remote probability 
levels have to be used in order to derive capital requirement values that look believable in the 
context of market experience and practice. The incorporation of frictional costs which include 
operational risk, changes impairment assessment and provides a basis for capital evaluation using 
DFA that was previously unavailable. 

The process requires that the frictional costs be allocated to individual simulations. The family of 
cost functions described in Section 2 facilitate these associations using the pre-tax profit values as 
the 'ideal profit' variable. The results produce impairment probability estimates that appear much 
more realistic and useable. The following diagram illustrates the differences between the raw DFA 
output and the frictional cost adjusted results for the Base scenario. 

Figure 4: Impairment assessment comparison 
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The two lines plot the probability that surplus, at some time during the 5-year projection period, as 
measured relative to annual premiums, drops to levels that may result in the company losing its 
security rating. In the absence of frictional costs, the surplus rarely drops below a 50% ratio 
(premium to surplus ratio of 2). The diagram shows the significant impact of frictional costs in 
these evaluations It shows, for example, that there is a I% chance that solvency drops below 43% 
(premium to surplus ratio of 2.3). 

This may well result in a downgrade of the company. It is a useful benchmark to adopt as defining 
the optimal level capital of DFAIC, consistent with its assumed plan strategy, to help investigate 
the capital implications implicit in the other strategies described above. The following table shows 
the results of such an impairment evaluation of all these strategies. 

Table 6: Impairment impact of alternative strateE, ies 
, Impairment Minimum Solvency Ratio During Plan (5-yr) Period 
, Probability Scenl Scen2 Scen3 Scen4 Scen5 Scen6 Scen7 Scen8 

0.25% 28% 28% 21% 31% 18% 30% 16% 23% 
0.5% 38% 41% i 31% 42% 21% 38% 21% 37% 
1.0% 43% 46% 38% 48% 25% 48% 29% i 43% 
2.5% 53% 54% 51% 56% 34% 58% 38% 52% 
5.0% 57% 58% 56% 60% 42% 61% 45% 55% 
10.0% 60% 61% 60% 63% 48% 64% 51% 58% 
25.0% 65% 66% 65% 67% 56% 67% 59% i 60% 

The first thing to note is that Scenario 5 and Scenario 7 are the ones with a greater chance of 
impairment as measured by the minimum surplus to premium ratio at, say, the 1.0% level. For both 
of these scenarios, the surplus ratio is as low as 25% and 29% respectively, compared to the Plan 
70% level that is assumed to be the level required to maintain the company AM. Best, A rating. In 
practice, ratings may be impacted by changes of 20% in the 'surplus' amount backing the rating. In 
the example above, this will occur with a probability of 5% under the assumed Plan strategy 
(Scenario 1) and a disturbing probability of 25% in the case of Scenario 5, where 100% of the 
policyholder surplus is invested in equities. 

Keeping to the 1% benchmark level, the results show that Scenario 2 (no class reinsurance) 
requires less capital as more premium and profit, are retained. This is not the case with the 
catastrophe reinsurance cover, as is shown by the results for Scenario 3. Clearly, this reinsurance 
increases the amount of capital required under the capital benchmark assumption in order to 
increase the minimum surplus ratio from the estimated 38% to the required 43% of the current 
scenario. By far the best option is Scenario 4, which assumes reinsurance protections at risk cost. 
This is, however, a somewhat artificial Scenario and unlikely to be available to DFAIC. It does 
help to demonstrate that with class reinsurances, much depends on the assumed price against the 
benefits implicit in the DFA large loss parameters. 
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Scenario 8 is the one developed by a preliminary analysis of  the other scenarios. Its impairment 
shape, as indicated by the results in Table 6, is very close to the base scenario, Scenario I. The 
select scenario has a lower surplus level, 60% of  premium compared to the 70% of  premium 
assumed for all the other scenarios and yet it is no more susceptible to impairment on this basis 
than Scenario 1. 

The DFA model can be used to help identify the level of capital required to meet the impairment 
objective identified above for any of  the other scenarios. The scenario in question is run with 
varying initial surplus levels and the I% impairment level percentages are identified. Simple 
numerical approximation usually produces the exact capital level associated with the scenario. In 
such an exercise it is important to remember to adjust the dividend strategy to each new level of  
capital. 

This is now demonstrated with Scenario 5 In this scenario the surplus is wholly invested in 
equities, compared to the current 35%, so the task is to identify the new surplus level that is 
required to support such a change in investment strategy. We define three new scenarios, identical 
to Scenario 5 but with initial surplus set at 85%, 100% and 125% of 1999 premiums, remembering 
also to amend the dividend strategy ratios in each case. The results are shown in the following 
table. 

Table 7: Impairment table for capital evaluation 
Impairment 
Probability 

Min Solvency Ratio (5-yr) 
Base Scen 5 (70%) Cap 85% Cap 100% Cap 125% 

0.1% 6% 7% 15% 1 21% 26% 
0.5% 38% 21% 27% 1 32% 43% 
1.0% 43% 25% 31% 39% 49% 
2.5% 53% 34% 43% 51% 63% 
5.0% 57% 42% 52% 60% 76% 
10.0% 60% j 48% 59% 69% 86% 
25.0% 65% ] 56% 68% 80% 99% 

The results indicate that the required level of  capital needed to support the particular change in 
investment strategy is somewhere between 100% and 125% of annual premium. The actual answer 
turns out to be 111% of premium. This is a near 60% increase in surplus, which would be very 
difficult to justify to shareholders. 

The analysis does not stop at the identification of  the surplus required to support a new strategy, 
whilst maintaining the previous or desired level of  impairment criteria. Each new capital level will 
generate a different flow of dividends and these will need to be valued in order to see whether 
such a change in strategy is of  benefit to shareholders. This is relatively easy to do, using deflators. 
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THE VALUE OF DFAIC 
A publicly quoted company has an on-going market valuation in its capitalisation value. The 
methodology presented in this paper values variable cash flows in a manner that is consistent with 
the way the market values such flows. 

One way to value a company, which is often implicit in multiplier approaches used in practice, is to 
project the stream of  dividends and then risk discount the mean flows to present value. The DFA 
methodology described in this paper facilitates these calculations by using deflators and frictional 
risk cost adjustments to 'stochastically discount' the individual projected dividend streams. 

DFA models are not intended to project over the longer term, with typical projection periods in 
practice .ranging from three to seven years. These models are capable of  valuing both the dividend 
streams and the retained end surplus at the end of  the projection period. It is then possible to use 
these values, together with some simple assumptions, to estimate market values of  the study 
company. 

The following simple example illustrates how this can be done in practice. 

Define a variable M as the ratio of  market value to surplus, that is: 

Market Value = M * Surplus 

At the beginning of  the projection period we have a value for the surplus. Now use the DFA 
model to project the dividends over the plan period and also the value of  the ending surplus. Both 
the dividends and the ending surplus are already adjusted for frictional costs, so all that remains is 
to apply deflators to these values to obtain their market value at the beginning of  the projection 
period. 

We can now express the current market value as the value of  the dividends and the market value 
of  the ending surplus. This enables us to deduce the implicit multiple M, which we can then 
multiply by the current surplus to get an estimate of  the company market value. 

Using the Base assumptions, the DFA model estimates the present (deflated) value over the five- 
year projection period at $310m. The present (deflated) value of  the end surplus is $1,431m. The 
assumed initial surplus was taken as $1,604m. 

The multiplier M is then 1.79 [310/(1604-1431)], which estimates the market value of  DFAIC at 
$2,874m. This estimate is dependent on the dividend stream projected and the particular choice of  
the frictional cost index. 

The DFA model outputs that are used to estimate the likely market value of  DFAIC rely on both 
the input business assumptions, particularly those relating to profitability levels as well as the 
choice of  frictional cost index. DFA derived values that look abnormally high or low may simply 
indicate a poor calibration of  the model business assumptions or a poor choice of  the frictional 
cost index. 
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We prefer to view the availability of a market value as a very helpful element of  the DFA 
calibration process. The approach described above is simply reversed to ensure that the level of 
'ideal profits' being projected and the frictional cost index being used to adjust these 'ideal profits' 
to more realistic values are consistent with the company market capitalisation 

The frictional cost index provides a link between the company plan, as defined by the 'ideal profit' 
to a market view of  value. This helps to illustrate that the appropriate frictional costs index for a 
company, at a given time, will be highly dependent on the 'quality' of  the underlying Plan and the 
markets' view on the likelihood that plan profits will be delivered In turn, this is influenced by the 
markets' assessment of  the quality of  the management team. We have demonstrated that in certain 
cases it is possible to identify the frictional cost index that provides the link between the company 
plan and the market's valuation of  the company 

Often, a company plan will be improved during the planning process until it meets an expected 
level of  performance. This is sometimes achieved by reducing projected future losses or expenses. 
Unless such improvements are justified by changes in strategy the only real change may simply be 
the removal of  some costs from these plans. Such plan changes are unlikely to be reflected in 
immediate increases in the market value of  the company unless the managers convince the market 
of their viability. 

In our formulation, what has happened is that the 'ideal profits' have been increased and we simply 
need to increase the frictional cost level to reflect any un-justified increase in these profits 
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5. C O N C L U S I O N  

In this paper we have seen that DFA can be a practical, powerful and flexible strategic 
management tool. 

In particular we have described how DFA can help management with the: 

• Evaluation of  capital requirements 
• Evaluation of  capital utilisation and risk allocations 
• Evaluation of  asset and reinsurance strategies 
• Identification of  appropriate dividend strategies 
• Identification of  Shareholder Value Contributions 

In order to achieve such functionality, the model has to have. 

• A sound economic scenario generator 
• Proper economic linkages between the liability and asset developments 
• A methodology for turning the huge volume of  outputs to summary information 

Finally, we are aware that there is still a significant amount of  scepticism as to whether DFA 
models, particularly complex ones, can be truly valuable or practical tools. Our experience has 
convinced us of  the value that a focused DFA analysis can bring - we hope this paper will 
encourage many more to build and learn from DFA models. 
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A P P E N D I X  A:  D E S C R I P T I O N  O F  T H E  D F A  M O D E L  

BASIC FEATURES 
The model is a multi-line, multi-period, multi-currency, multi-strategy, multi-asset stochastic plan 
generator. It has small, large and peril losses, class excess, stop loss and whole account 
catastrophe excess of loss reinsurances, flexible investment and dividend strategies. 

Economic files are pre-generated using a proprietary economic scenario generator ( ' ISM - see 
next appendix) and include term structures and deflators. Returns for eight asset classes, including 
cash, stocks and bonds of  various durations are available, split into income and gains. 

DFA Scenarios are characterised by an economic file and a strategy file. The strategy file contains 
the user inputs that describe the company financials and plan characteristics. The model can run a 
number of  scenarios at the same time These scenarios may use different strategy assumptions, for 
example in the amount of  reinsurance to be bought, or may use different economic files to test the 
sensitivity of  results from random economic assumptions. There is complete flexibility in the 
number of  scenarios, simulations, seed numbers and the level of  raw simulation data and summary 
statistical data that is saved. A Results Analyser facilitates the calibration and evaluation processes. 

INPUTS 
There are four main types of inputs required in order to run the model. 
1: Company capital structure, accounting currency, assets, dividend and asset strategies, taxation 
rate and details of  any whole account reinsurances. 
2: Class of  business details including patterns for receipt and earning of  premiums, distributions to 
generate future losses and pay future and outstanding claims amounts, indices to generate future 
premiums and loss volumes, large loss frequency and severity distributions and reinsurance details, 
including the share of  any whole account cover costs. Commission and expense information as 
well as the investment policy for the class policyholder funds is also required. 
3: Peril losses (catastrophe events). Distributions for the frequency and severity of  each such peril 
event, the loss amount main currency, the payment pattern and cost allocation to classes of  
business, for each of  these peril events 
4: Simulation control inputs, including scenarios to run, number of  simulations, seed number (if 
required), name and format of the outputs database and the level of  information to be output. 

CAPITAL ACCOUNT, TAXES AND DIVIDENDS 
Capital comprises issued, retained earnings and 
consolidating an investment by year and simulation. 

subordinated debt. A facility exists for 

A single tax rate is input. Tax calculated is assumed paid at the end of  the year. The user specifies 
the rate at which capital gains are to be realised for tax purposes. The model keeps track of  
unrealised gains and deferred taxes. 

185 



A number of alternative dividend strategies are accommodated, including no dividends, fixed 
dividends, fixed dividends in real terms, dividends calculated as % of post-tax profits and 
dividends calculated to reduce solvency or surplus margin to specified %. 

ASSETS AND CURRENCIES 
The model is a multi-currency one. Each class of business has a currency and this may or may not 
be the company accounting currency. This feature was not used in the DFAINC analysis as the 
company was assumed to have no exposures or investments in currency except the US$. 

Assets classes for each economy include cash, equities, index linked bonds and government bonds 
of durations 1, 3, 5, 10 and 30 years. Asset mix for both shareholder funds as well as policyholder 
funds by class of business is specified for the projection period and can be in any of the available 
currencies and asset types. The model rebalances each 'fund' at each projection point. 

PREMIU M AND LOSS CALCULATIONS 
Premium income is determined as a product of a volume and pricing adequacy (cycle) with a fair 
premium and inflation adjustment, including any super-imposed inflation for the class ofbusiness. 

The amount of variability of the first plan year premiums can be controlled by the user by class- 
The theoretical 'fair' premium for a class for each period, is calculated taking account of the 

conditional expectations of future cash flows and the time value of money, allowing both for the 
claims payment and premium receipt patterns and inflation and interest term structures from the 
economic file. Premium receipt and earning patterns allow for multi-year policies 

Losses for each class of business include normal or attritional losses, individual large losses and a 
share of any event or catastrophe losses. 

Attritional losses are based on a user selected base year loss distribution for each class. Actual 
losses for a particular class/year/simulation are calculated from simulated values of the base year 
distribution, indexed by volume and inflation changes since the base year. 

Large individual losses for each class are projected for each year using a loss frequency and loss 
severity distribution with the frequency adjusted for volume changes and the severity for inflation 
changes. 

Event, peril or catastrophe losses for any number of perils (storms, flood, etc) are modelled at 
company level and allocated to classes according to an initial percentage and then. adjusted for 
volume changes and inflation. Each peril event has its own payr0ent pattern and a main loss 
currency. 

Loss payments, before claims inflation (stochastic consumer price inflation plus a stochastic class 
specific super-inflation component), are determined by a payment pattern by class with random 
variability in the payments determined by an error distribution applied to the disposal rate by 
development year. Actual loss payments are subject to claims inflation including any class specific 
superimposed inflation, at the time of payment. 
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Loss and loss adjustment reserves are set at each evaluation point and for each accident year and 
class, taking account of  pre-inflated amounts at the time and expected class specific inflation at the 
time, using the CPI term structure projected by the ESG, o f  expected payment. For each class, 
claims reserves may be discounted or undiscounted and may or may not contain margins defined 
I~y a percentage. 

CORRELATIONS, REINSURANCE. AND STATISTICAL DISTRIBL'TIONS 
Correlation between classes is generated implicitly as a result o f  a number o f  contributory 
influences, including premium market price indices, the impact o f  inflation on claims and the 
occurrence of  catastrophe or peril losses that impact more than one class o f  business. The overall 
correlations resulting from these assumptions are then validated for reasonableness during the 
calibration process. 

Reinsurance modelling is available at both class of  business and overall company level, with excess 
of  loss and stop loss in the case of  classes and catastrophe excess of  loss for the overall account. 
More complex reinsurances are modelled externally, before inflation, and net distributions so 
derived are used directly in the DFA model to allow for timing and inflation impacts to be 
evaluated. 

Many statistical distributions are available through a distributions dynamic link library (dll) 
including the usual standard ones, such as normal, Iognormal, poisson, pareto, weibull, extreme 
value as well as a number of  user defined options and a new distribution, the Parbull, which is a 
pareto with a weibull tail and is described by three parameters, a (pareto) scale, a (pareto) shape 
and the point, or large value, at which the pareto tail becomes a weibull one. "l'his distribution has 
been found particularly useful in modelling catastrophe event and large claim loss amounts. 
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THE ECONOMIC SCENARIO GENERATOR (TSM) 
The Smith Model (TSM) is a proprietary macro-economic model calibrated to major world 
economies. It is a comprehensive, coherent, innovative and robust economic scenario generator. 

It describes interest rates, inflation, exchange rates and equity returns (split between income and 
capital gains). Where inflation-linked bonds have been issued, these too are modelled. 

The building block for The Smith Model is the numeraire, which is an economic cash flow 
quantity, which is modelled statistically. Examples of  numeraires include currencies, inflation 
indices and equity dividend indices. Numeraires are treated within The Smith Model in an entirely 
symmetric manner. No single accounting unit holds a central role: any numeraire can be expressed 
in terms of  any other numeraire. 

Term Structures within financial markets consist of  traded claims on future numeraires. For 
example, bonds denominated in various currencies can be considered to be future claims on that 
currency. Every different redemption date defines a different bond, which is modelled separately. 
This gives rise to a 'term structure' o f  interest rates, which describes how bond yields vary by term 
to redemption. Similarly, inflation linked bonds are considered as future claims on an inflation 
index. Even equities can be thought of  as a special kind of  bond whose cash flows are linked to a 
dividend numeraire - but this bond market is the least developed of  all because investors only trade 
perpetuities 

It is an efficient market, arbitrage free model. It generates asset prices by equating the supply of  
different investments to the demand of  a representative investor. The equilibrium construction 
enables us to model risk and return consistently. The model can output the state price deflator, a 
weight which when applied to each simulation translates from the 'true' probability measure to the 
risk neutral version. 

This enables market-consistent valuations to be assigned to awkwardly constructed cash flows; for 
example, insurance benefits or statutory profit. It is based on a Levy process, which in any time 
interval has both a large number of  small jumps and also a small number of  large jumps. These 
jumps apply to all asset classes, including interest rates, currencies and equities. However, the 
large jumps are more noticeable in some markets than others. It is these large jumps that capture 
the failure of  traditional hedging techniques. It is implemented ful!y in continuous time 
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APPENDIX B: DFAIC DFA A S S U M P T I O N S  A N D  RESULTS 

Table 8: Starting I 

ACC Yr 
1990 & Pnor 

1991 

1992 
1993 
1994 

1995 
1996 
1997 
1998 
1999 
Total 

Other Balances 12/99 
UPR 

Agents Balances 

RI due 
Drafts 

Funds for Inv 

Ratios 
Earn Yrl 

Prem Receipt Yrl 
Corn RatioNet 

U/W ExpenseNet 
Corn Ratio Gr 

UNV ExpenseGr 

INPUT ASSUMPTIONS 
~alances, premium and expense ratios 

Loss and Loss Adjustment Reserves as at 12i99 

All 
196749 
34077 

41579 
49207 
74124 
114253 

167455 
278784 
463891 
910056 
2330175 

All 
985422 

445133 
49609 

1862O9 
30O7O64 

Home PPA CAL WC CMP COther STail 
1494 11364 3108 96680 3 6 0 3 1  48072 0 
298 2349 856 22199 7500 875 0 

195 3669 1339 25927 9217 1232 0 
1858 4924 2154 28238 10615 1420 0 
2042 10584 3977 29623 24854 2273 771 

4348 22652 9735 36253 34205 5438 1622 
5683 40134 159 ,02  42806 ! 49406 7418 6106 
13638 8~525 3 .4418  57325 ' 67729 16433 2716 
23968 1 7 0 1 6 6  65478 78934 100238  24468 639 
85414 335722 98710 137297  166178  2 9 7 5 1  56984 
1 38938 688089 235677 555280  505973 137380  68838 

Home PPA CAL WC CMP COther STail 
181628 211134 7 7 7 2 1  85323 164745  28658 236213 

82045 95373 35108 3 8 5 4 2  7 4 4 1 8  12945 106702 
2958 14649 5018 11822 10772 2925 1466 
11103 54987 1 8 8 3 3  4 4 3 7 4  40433 10978 5501 

246666 844167 292106 634613 620961 161146  202385 

All Home PPA CAL WC CMP COther STall 
50.0% 68 5% ,56 .8% 67.8% 54.4% 64.5% 64 5% 

74 7% 83.9% 78.6% 80.8% 78.0% 79.8% 84.0% 
15 0% 1 4 . 0 %  14.0% 9.0% 20.0% 20.0% 18.0% 
15.6% 1 2 . 0 %  168% 1 9 . 2 %  1 9 . 2 %  1 3 . 2 %  18.0% 
139% 1 3 . 2 %  12.8% 7.8% 18.6% 1 4 . 3 %  18.0% 
14.5% 11 3% 15.4% 166% 17.8% 9.4% 18.0% 

Table 9. Summary statistics from 
Averages Innalion Cash 

2000 1 6% 51% 
2001 1.6% 5 1% 
2002 1 6% 5.1% 

2003 1 6% 5.1% 
2004 1 6% 5 1% 

Stats Yr2002 i Inflation Cash 
St Dev 0 9% 0.6% 

Skewness 5.0% 23.8% 
1% Pereenhte -0.6% 3.9% 
5% Percenhle 0.1% 4.2% 
50% Percentile 1 6% 5 1% 

95% Percentile 3 2% 6 1% 
99% Percentile 3 8% 6 5% 

the economic simulations. 
Equl~ 1YrB 3YrB 5YrB 
8.5% 5.1% 5.1% 51% 
8.0% 5.1% 5.1% 51% 
8.4% 5.1% 5.1% 51% 
8.0% 5.1% 5.1% 51% 
8.5% 5.1% 5.1% 5 1 %  

Equity 1Yr B 3Yr B 5Yr B 
14.1% 0.6% 1,0% 1,4% 

38.8% 29 3% 16.7% 12.7% 

-202% 3.9% 2.9% 2.0% 
-128% 4.2% 3.6% 2.9% 
7.1% 5.1% 5.1% 51% 
30.4% 6.1% 6.8% 74% 

45.4% 6.5% 7.5% 6.4% 

lOYr B 

5.2% 
5.1% 
5.2% 
5.1% 

5.2% 

lOYr B 

2 3% 
12.6% 
0 0% 
1 6% 
51% 

9 0% 
107% 

30Yr B 
5.4% 

5.2% 
5.3% 
5.1% 

5.3% 

30Yf B 
4.7% 
20.5% 

-5.1% 
-2.1% 
S,1% 
13.3% 

17.3% 
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Table lO: Class  calibration assumotions  
LOSS Basis 

Base Premium 
Target N L/R 

Target RI Xol Pm 
Parbull shape 
Parbull scale 
Parbull large 
Parbull Mean 
Number Large 
Gross Large 

Retained Large 
Cats allocation 
Retained Cats 
Cat Premium 

Attntlonal base 
Ceaff Variation 

Log Par Attritional 

Home PPA CAL , WC CMP COther ] S-Tad 
361086 645127 182675 239438 371117 90529 679254 
80.0% 80 0% 75.0% 72.5% 72 5% 67 5% 65.0% 
10(300 39000 15000 34000 22000 2~000 0 

16 15 1.5 1.5 I 14 15 0 
250 250 25O I 250 25O 250 0 

5000 15000 15000 15000 5000 15O00 0 
620 700 700 700 734 700 0 
38 60 23 51 46 38 0 

23560 42000 161 CO 35700 33764 26600 0 
18620 23400 8970 19890 23414 14820 0 

0.8 0 0 I O 0.2 0 0 
33512 0 0 0 I 8378 0 0 
16OO0 0 0 0 4O00 0 0 

210981 441651 109748 123421 201414 24452 432459 
73% 5.0% 5,0% 7,5% I 7 5% 10 0% 5.0% 

i 

12.257 12997 11.605 11.721 I 12210 10099 12.975 

Development Year 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Ultimate 

Pre-lnflated Loss and Leas Adjustment Cumulative payment patterns 
Home PPA I CAL WC CMP COther S-Tad 
70.2% 34.0% 27.3% 24 3% 39 1% 29.5% 87 6% 
89.3% 66.0% 50.2% 49,5% 56 0% 41.2% 99 8% 
94.6% 81 1% 71.5% 61.1% 68.1% 63,4% 99.3% 
97.0% 90.2% 84.4% ! 68.4% 74.5% 77.1% 98.3% 
97.9% 93.0% 90.7% 73 6% 83.4% 82 1% 99.5% 
986% 96.0% 95.2% 790% 841% 83.1% 100.0% 
987% 984% 96.7% 797% 91 4% 877% 100.0% 
99.8% 98 6% 98.0% 82 2% 93.2% 9t 3% 100.0% 
99.7% 990% 98.8% 85.7% 94.7% 94.4% I 100.0% 
99.4% 98 3% 99.4% 86.8% 95.7% 95.5% I 100.0% 
100.0% 1000% 1000% I 100.0% 100.0% I(3(3.0% 100.0% 

Table I 1: Base Asset Allocation 
Asset Allocation Cap Ace Home PPA CAL WC CMP COther STad 

~ l n ~ $ m  1.605 246 844 292 I 6"34 625 161 202 

Adjusted Cash 0.0% 20.0% 20 0% 20.0% 15.0% 20 0% 20.0% 25.0% 

Stocks 35.0% 0.0% 0.0% 0 0% 0.0% 0.0% 0 0% 0.0% 

One Year 0 0% 5.0% 5.0% 10.0% 10.0% 5.0% 5.0% 30 0% 

5 Year 5.0% 25.0% ' 25.0% I 25 0% 25.0% 40 0% 25.0% 45.0% 

10 Year 100% 50.0% I 400% 350% 25.0% 150% 25.0% 0.0% 
i 

20 Year 45.0% 00% I 10.0% 100% 10.0% 10.0% 200% 00% 

30 Year 5.0% 0.0% 00% I 0.0% 15.0% 10.0% 5.0% 00% 
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SAMPLES OF SUMMARY OUTPUTS 
Table. 12: Base Scenario sample statistics 
. Year 2000 . Average j StDev Skew 1% 25% 50% 75% 99% 

uwPremlumWr,tten 2400220 20904 -0.007 2351219 2385894 2400532 2414449 2450377 
plPremiumEarned 2405048 12799 `0.006 2374785 2396187 2405293 2413764 2435062 
PIClalmslncd 1770595 75331 0831 1619260 1721246 1765984 1813548 1967819 
PcLo~ssRatio 73 6% 3.0% 0 948 67.7% 71.7% 73.4% 75.3% 81.5% 

, plCo,mmisstonEarnecl 380745 1975 -0.007 376117 379393 380774 382088 38.5485 
PlcfExpenses 328541 1670 `0.007 324675 327391 328570 329661 332'503 
pIProfitOperating -74833 71405 `0957 -264724 -116222 -70055 -28135 67692 
pcOperatmgRatio 103.1% 3.0% 0950 97.2% 101.2% 102.9% 104.8% 't11.0% 
PIProfitPre 130098 155833 -4.149 -353384 71478 149894 222726 375393 
plFdctionalCost -53707 65573 -17.110 -215091 .59451 -39~83 -29959 -26545 

, plProfit Post 104079 124667 -4.149 -282707 57182 119915 178181 300314 
d~OeclPaEI 60094 63177 0.891 0 0 43410 104517 231547 
bsRetainedProfit 87584 91153 -9.151 -239107 91087 110326 123081 147985 
bsShareCa~tal 1560700 0 0.000 1560700 1560700 1560700 1560700 1560700 
pcSolvencyRatio 68.7% 3.8% -9.023 54.9% 69.1% 70.0% 70.0% 700% 

7.7% 13.4% -16 480 -24.2% 4.4% 9.1% 13.5% 220% pcReturnOnCapltal 

Year 2002 
uwPremlumWntten 
pLPremlumEarned 
pIClairnslncd 
pcLossRatlo 
plCommiss:onEarned 
plcfExpenses 
plProfitOperat~ng 
pcOp,e~-atingRatlo 
plProfltPte 
pIFrictlonalCost 
plProfitPost 
di',4 OeclPald 
bsRetainedProfit 
bsShareCal~tal 
pcSolvencyRatto 
pcReturnOnCapttal 

Average StDev Skew 1% I 25% 50% 75% 99% 
2497660 52980 0.044 2379413 [ 2462131 2497575 2532438 2621087 
2478598 47924 0.031 2369439 2446263 2478451 2510168 2592612 
1814255 74578 0.263 1651212 1762010 1812505 1861023 2008594 
73.2% [ 2.9% 0.341 67,0% 71.3% 73.1% 75.1% 80.5% 
393187 7446 0028 376502 388108 393113 398120 410725 
338319 6324 0.026 323976 334029 338338 342530 353171 
-67163 71445 -0321 -248886 -113289 -65377 -19754 89037 
1027% 29% 0.342 I 96.4% 100.8% 102.6% 104.6% 110.0% 
157482 143995 -1.518 -289853 87820 173342 249467 433754 
-51561 43274 -7.154 -186881 -69385 -38444 -26628 -25449 
125985 115196 -1.518 -231683 70256 138673 199574 347003 
92435 84142 0.624 0 0 53161 153356 306995 
153278 115614 -6,057 -293461 140048 175469 202649 267040 
15607001 0 0000 1560700 1560700 1560700 1560700 1560700 

i 

68.6% 4.5% -9.021 51 1% 69.9% 70 0% 70.0% 70 0% 
91% 8.9% -2.141 -20.4% 5.2% 102% 145% 250% 

Year 2004 Average Steer Skew I 1% 25% 50% I 75% 99% 
uwPremlumWrrtten 2597184 73499 0.012 : 2425501 2546307 2597353 i 26~629 2772055 
plPremlumEarned 2577289 67944 0.014 2419730 2530246 2577521 I 2621790 2743855 
plClaimslncd 1886714 88397 0.469 1698149 1827210 1885738 1941250 2102865 
pc LG's.sR atlo 73.2% 3.0% 0.843 66.8% 71 2% 73.1% 749% 808% 
elCommissionEarned 408557 105,62 0.010 383809 401359 408637 415417 434390 

plcfExpenses 
plProrrtOperating 
pcOperating Ratio 
I~ProfitPre 
plFrictionalCost 
plProfitPost 
dtvhDeclPe<l 
bsReteined Prof]t 
bsShareCapitel 
p, cSoivencyRatlo 
pcReturnOnCal~tal 

351181 8971 0.006 330103 345147 351234 356997 373098 
-69163 76667 ; `0.796 -265417 -114267 ,67683 -18451 97298 
1027% 3.0% i 0.840 963% 100.7% 102.6% 104.4% 110.2% 
168058 163430 -1 770 -332893 92188 184091 271421 475625 
-56408 51799 -8.982 -207115 -65350 -42888 -31175 -27766 
134446 130744 -1 770 -266314 73751 147273 217137 380500 
101272 93503 0.650 0 0 90898 170727 336902 
218162 127586 `6.120 -227882 191991 241702 280795 364876 
1560700 0 0.000 1560700 1560700 1560700 1560700 15,50700 
68 5% 4 6% -7.558 50.8% 69.8% 70.0% 70.0% 70 0% 
93% 10.5% -4.139 -23.0% 5.1% 1 10.3% 15.2% 269% 
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Table 13: Class of Business Operating Results 
Year 2000 Average Va~LeS over 2,5~0 simulations 

Item Total Ins ; Home PPA CAL WC CMP C Other S Tall 
i i i i i 

uwPromk]mWritten 2400220 334501 605209 167381 205069 344522 65411 678128 
i i i i i 

)lPremlumEarned 2405048 335836 613519 166280 213455 340354 61998 673ro06 

' ' i )lClaimalncd 1770595 269219 502894 124601 144720 246526 41620 441016 

x:Lc6sRatio 73.6% 80.2% 82,0% 74 9% 67.8% 72 4% 67,1% 65,5% 
tiComm[ssionEarned 380745 50293 86126 23203 19299 68138 12436 121249 
)lefExpens~s 328541 44142 61985 23565 34640 54950 6870 102388 

i i i i i 
pIProfitOperating -74833 -27819 -37486 -5089 14796 -29260 1072 8953 

i i J i 1 
pcOperatingRatio 103 1% 108.3% 106.1% 103.1% 93.1% 108.6% 98.3% 98.7% 

Year2000 
Item 

uwPrerr~umWntten 

)lPrem=umEamed 
dClaJmsfncd 
~cLossRatio 

dCorn~lssionEamed 
pCfF_xpenses 

pIProfitOperating 
pcOperatiagRatio 

Standard deviations from 2,500 simulations 

Total Ins Home PPA CAL WC CMP C Other S Tail i i 
20904 2821 8809 1379 1720 2844 584 5381 

i i 
12799 1391 5916 754 1109 1503 330 3470 

i i 
75331 37038 33073 9787 13956 18585 7123 30887 

i i 
3.0% 11.0% 5.0% 5.8% 6.4% 5.4% 11 4% 4.6% 

i i 
1975 199 831 105 100 297 66 625 

i i 
1670 174 598 107 180 240 37 528 

i i 
7 1 4 ~  36938 31083 9621 13649 18286 7085 30675 

i i 

3.0% 11.0% 5.0% 5 8% 6 4% 5 4% 11.4% 4,6% 

Year 2000 

I|em 
uwPremiumWrit~en 
~lPremiumEarned 
~lClaimelncd 
cLossRatio 
~lCommis~onEarned 

p~cr~:)enses 
plProfrtO perating 
pcOperatiagRatio 

1 = percentile (1%) from 2.500 simulations 

Total Ins Home PPA CAL WC CMP C Other S Tad 
2351219 327993 584652 164199 201101 337961 64063 665714 
2374785 332627 599714 164540 210896 336886 61238 665599 

1619260 210167 427766 103748 115792 206693 26134 373603 
67.7% 62.7% 70.8% 62.9% 54.5% 60.9% 42.1% 55 4% 

376117 49835 84188 22960 19068 67452 12284 119808 

324675 43740 60590 23319 34224 54397 6786 101171 
-264724 -137489 -113528 -30801 -17686 -74689 -16466 -63513 

97 2% 90.8% 95.0% 91 0% 79 8% 97 1% 73.3% 88.6% 

Year 20(X) 
i~em 

uwPremiumWriffen 
plPromiumEamed 
plClaimslncd 

pcLossRatio 
plCommissionEarned 
plcfExpenses 

p~Profit Operating 
pcOperatingRatio 

99 ~ percer~Jla (99%) from 2,500 srmulations 
Total Ins Home PPA CAL WC CMP C Other S Taft 

i i 
2450377 341192 626250 170652 209149 351267 66797 690890 

i i 
2435062 339134 627650 168068 216086 343920 62781 681838 

i i 
1967819 379983 584073 150776 178570 292720 59164 514312 

i i 
81.5% 112.7% 94.1% 90.3% 82.9% 85.6% 95.4% 762% 

i i 
385485 50765 88110 23452 19537 68844 12593 t 22731 

i i 
332503 44556 63412 23819 35067 55519 6957 103639 

i i 
67692 30794 30754 14972 42665 9826 16314 76243 

i i 
111.0% 140.9% 1183% 1184% 108.2% 121.9% 126.6% 109.4% 
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Table 14: Plan period results - Base Scenario (Scen 1) 
Base Scenario Revenue Year 
Average values 2000 2001 2002 2003 2004 

UwPrem=umWritten 2400220 2449568 2497660 2546847 2597184 
PIPremiumEarned 2405048 2430564 2478598 2527378 2577289 
PlClairnslncd 1770595 1780205 1814255 1850992 1886714 
PcLossRatio ' 73.6% 73.2% 73.2% 73.2% 73.2% 
PICommis~onEamed 380745 385899 393187 400787 408557 
PlcfExpenses 328541 332046 338319 344682 351181 
PIProfitOperat~ng -74833 -67386 -67163 ! .69083 -69163 
PcOperatlngRatio 103,1% 102.8% 1027% 1027% 1027% 
PIProfitPre 130098 145088 157482 156764 168058 
PIFnctionatCosl -53707 -52119 - 5 1 5 6 1  -53257 -56408 
PIProrrt Post 104079 116071 125985 12>5411 134448 
DiviOeclPaid I 60094 83927 92435 93702 101272 
BsRetainedProfit J 87584 119728 153278 184988 218162 
BsShareCap~tal 1560700 1560700 1S60700 1560700 1560700 
PcSo/vencyRatio 68 7% 68.6% 68.6% 68.5% 68.5% 
PcReturnOnCapital 7.7% 8.3% 9.1% 8.9% 9.3% 

Base Scenano Revenue Year 
Standard Oeviations :2000 2001 2002 2~03 2004 

UwPrem=umWntten 20904 44231 52980 62734 73499 
PIPremlumEarned 12799 34868 47924 57474 67944 
PtClaimslncd 75331 ; 74632 74578 81619 88397 
Pcl..ossRat=o 3.0% 3.0% 2.9% 2.9% 3.0% 
PIComrn=ss~onEarned 1975 5404 7446 8930 10562 
PlcfExpenses 1670 4583 6324 , 7582 8971 
PIProf-ltOperat=no 71405 72568 71445 73728 76667 
PcOperatingRatio 3.0% 3 0% 2.9% 2.9% 3.0% 
PIProf~t Pre 155833 152335 143995 153316  163430 
PIFdchortalCeat 65573 64686 43274 52453 L 61799 
PIProfitPeat 124667 121868 115196 122653 I 130744 
OMOeclPaid 63177 78372 84142 I 86758 93503 

gsShareCaprlal 0 : 0 
PcSolvencyRatio 3 . 8 % 1 4 . 4 %  4.5% 4 , 6 % t 4 . 6 %  
PcRetumOnCapftal 13.4% 16.9% 8.9% 10.1% 10.5% 
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Table 15: Scenario Results comparison - Year 2000 
Year 2000 Averages Seen 1 Scen 2 Scen 3 

uwPremlumWritten 2,400,220 2.545,070 2,565,070 
plClalmslncd ~ 1,770,595 , 1,845,638, 1,852,388, 
pcLc~sRatio 73.6% 72.4% 72.1% 
plProrltOperating -74,833 -5,026 8.224 
p,cOperating Ratio 103.1% 100.2% 997% 
pIProfit Pre 130.098 201,921 210,401 
plFrictlonalC ost -53,707 -54,913 -60,108 
plProfitPost , 104,079 , 161,537 , 168,320 J 
dMDeclPalcl , 60,094 , 35,024 , 33,734 , 

bsReta=nedProfit 87,584 170,113 178,186 
pcSolvencyRatio 68.7% 68 .0° /o  67.8% 

i 1 i i 
pcReturnOnCapqtal 7.7% 11.7% 12.0% 

Seen 4 Seen 5 Scen 6 Scen 7 Scen 8 
2,485,703 2,400,220,2,400,220,2.565,070,2,545,070 
1,770,595, 1,770,595 ~ 1 770,595 ~ 1,852,386, 1,845,638 

71.1 % 73.6% 73 6% 72.1% 72.4% 
10,650 -74,833 -74.833 8,224 -6.026 
99.6% 103 1% 103.1% 99.7% 100.2% 

217,710 122,672 126,853 266,833 , 193,731 
-53.766 °94,100 -38,162 -96.078 -39.079 
174.168 , 98,138 , 101,482 ~ 165,466 , 154,985 
67,251 f 88,654 , 47,063 , 63,441 , 139,473 
150,517 53,084 , 98,019 , 145,625 , 59,112 
68.8% 67.2% 69.1% 66.5% 59.7% 

i i i i 
12.8% 6 9% 7.0% 11.7% 11 3% 

Year 20(}0 St Oev Seen 1 Scen 2 i Seen 3 
uwPremiumWdtten 20,904 21,688 21,688 

i PIClaimslrcd l: 75,331 i 79,434 i 90,228 
i PcLossRatio I 3 0% i 3,0% i 3,4% 

plProfitOperating 71,405 75,334 86.602 
pcOperatingRatlo 3 0% 3 0% 3.4% 
PiProfitPre 155,833 158,839 180.960 

plFnctlonalCost 65,573 66,005 82,920 
DMDeclPa=d 63.177 49,504 48,885 
bsRetmnedProfit 91.153 102,935 123,222 
pcSolyencyRatio 3.8% 4 1% 4.9% 
pcRetumOnCapital 13.4% 12.7% 18.4% 

Year 2000 Skew Seen 1 Seen 2 Seen 3 
PcLossRatio 0.948 0 625 1 495 
pIProfitOperatlng -0 957 -0.839 -1.511 
PIProfitPre -4.149 -3.984 -5.094 
~lFrictionalCost -17.110 -16.274 -15.826 
DMDeclPaid 0.691 1.507 1.571 
bsRetainedProFd -9.151 -6 986 -7.778 
pcSolvencyRatio -9 023 -6 791 -7.598 
pcRetumOnCapltal *16 480 -14 240 -22.009 

Year 2000 991h-tile Sc, en 1 Seen 2 Seen 3 
PcLossRatio 81.5% 80.4% 82.3% 
pcOperabngRatio 111.0% 108.2% 109 9% 
PIPro6tPre -353,384 -308,069 -360,059 
31FdctionalCost -215,091 -230,304 -264,078 

i PIProrrtPost -282.707 -246,456 -288,047 
pcSo~vencyRatio 54.9% 53.2% 51.2% 
pcReturnOnCaprtal -24.2% -20.8% -24.7% 

Scen 4 Seen 5 Scen 6 Scen 7 I Scen 8 
21,296 20,904 20,904 21,688 21,688 

i i i 1 
76,331 75,331 76.331 90,226 79,434 

i i i i 
2 9% 3.0% 3 0% 3 4% 3 0% 

71,258 71,405 71,405 86,602 75,334 
2 9% 3 0% 3 0% 3.4% 3 0% 

155,963 255,462 130,360 261.730 132,329 
65,571 75,119 75 765 79,291 76.048 
66.360 110,013 44,526 93,588 65,998 i 
89.038 135,787 86,692 155.692 74,764 
36% 57% 3.6% 6.1% 2.9% 

I 

127% 17.8% 379% I 17.8% 504% 

Scen 4 Seen 5 Seen 6 Scen 7 .Seen 8 
0.948 0 948 0 948 1.495 0.825 
-0 962 -0.957 -.0 957 -1.511 -0 839 
-4.138 -1 269 -11 656 -1 464 -11 106 
-17.077 -5979 -27.882 -6.291 -26.926 
0.778 1.307 0716 1.721 -0.385 
-9.599 -3.819 -18.776 -3.408 -25.060 
-9.510 -3.811 -18.456 -3 383 -25 732 
-15.472 -2.871 -46.792 -3 294 -47.696 

Seen 4 Seen 5 Seen 6 Seen 7 Seen 6 
78.7% 81 5% 81.5% 82.3% 80.4% 
1072% 111 0% 111.9% 1099% 108.2% 

-266,230 -674,462 -192,890 ..626.045 -143.058 
.215.268 -355,141 -142.564 -357,656 -153,000 
-212,984 -539,570 -154,312 -500,836 -114,446 

55 8% 43.5% 59 7% 43.0% 53 9% 
-17 8% -50.5% -12 6% -46.2% -9 9% 
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Abstract 

The DFA Insurance Company (DFAIC) is a fictional insurance company created by the 

CAS for the 2001 Dynamic Financial Analysis (DFA) Call for Papers. Those who 

respond to the call are expected to use DFA to answer specific questions about DFAIC's 

capital adequacy, capital allocation and reinsurance strategy. This paper is a response to 

that call 
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Note 

The theoretical backing for the methodology in this paper is provided in "The Cost of 

Financing Insurance" which is also published in this issue of the CAS Forum. Excel 

spreadsheets supporting these papers can be downloaded from the CAS Web Site: 

ht t p ://www. ca~;act.or~pubs/foru m/01 ~p foru nVmeyers/index.htm 
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1. Introduction 

In the mid-1990's the Casualty Actuarial Society. coined the term "Dynamic Financial 

Analysis ,"  or "DFA" for short. Susan Szkoda [7], in her five part article beginning in 

the May 1997 Actuarial Review, defines DFA as "a process for analyzing the financial 

condition of an insurance entity. Financial condition refers to the ability of  the entity's 

capital and surplus to adequately support future operations through a currently unknown 

future environment . . . .  In a very real sense, DFA requires the actuary to evolve into a 

financial risk manager." 

In tile ensuing years, the CAS has sponsored a number of  special interest seminars, call 

paper programs, and research projects on DFA. Initially, those activities dealt with 

developing a model of  insurance companies and getting the right data to support the 

model. As time passed, there was more focus on the specific insurer problems that DFA 

can solve. Some of  those problems are in the 2001 CAS call for papers titled "Dynamic 

Financial Analysis, A Case Study." The call for papers presents participants with a 

specific actuarial situation, including a company description and financial statements. 

This paper is a response to the call. 

Here, verbatim, is the description of the company and the specific actuarial situation 

provided by the call. 

• Description o f  the Situation: 

The CEO of  your company is considering the acquisition o f  DFAlnsurance Company 

(DFAIC or the Company) as a stand-alone insurer. DFAIC is a privately held company 

and has not yet been contacted about this interest, and cannot be contacted until alter your 

analysis is concluded. However, publicly available financial statements for the Company 

arc available for the 1999 year and they are attached. The Company 's  last insurance 

department examination occurred in 1996 and there were no material issues. The 

Company has an unqualified actuarial opinion. 
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• Description o f  the Company's Business: 

The Company has an "A" rating from A.M. Best and it h,~s maintained this rating for at 

least the past five years. It operates through the independent agency system and believes 

it has very strong relationships with its agency plant. 

• Underwriting Profile 

The Company is licensed in all 50 states, but is primarily concentrated in the Northeast 

and the Midwest. The Company considers itself a "regional" company in these two 

geographic areas. Because of  this focus, the Company has limited exposure to severe 

catastrophes. However, it does have exposure to less severe but more frequent retained 

catastrophe losses. 

The Company writes a balanced book of  both personal and main street commercial 

insurance coverages. 

The Company has minimal exposure to asbestos and environmental exposures. 

• Asset Classes 

The Company's  cash and invested asset portfolio is approximately 70% fixed income, 

12% equity and 18% cash. 

The fixed income portfolio is approximately 80% in tax-exempt municipal issues and 

20% in a mixture of  Corporate and Government bonds. The Municipals have an average 

maturity of  10.5 years and an average yield of 6%. The Corporate and Government bonds 

have an average maturity of  4 years and an average yield of  8%. The equity portfolio is 

invested with a target return of the S&P 500. 
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• R e i n s u r a n c e  

The Company maintains reinsurance to limit shock and catastrophic losses from a single 

event. The largest net aggregate amount insured in any one risk (excluding Workers 

Compensation) is $1 million. Excess of  loss is used to protect property risks above 

$1,000,000 up to $20 million per risk, $50 million per occurrence. For casualty and 

Workers Compensation risks, an excess of  loss treaty provides coverage above $500,000 

up to $50.5 million. 

The Company has a catastrophe cover of  90% ofS150 million excess o f  $50 million for 

any single event. This limits the Company's  net prc-tax PML for a catastrophe over a 100 

year return period to 10% of  surplus. 

All of  the Company's  reinsurers are rated "A," or better, and there are no known 

problems with reinsurance recoverable. 

• Questions the CEO would like addressed: 

1. Is the Company adequately capitalized? Is there excess capital? l-low much capital 

should the Company hold as a stand-alone insurer? 

2. How should the capital be allocated to line of business? 

3. What is the return distribution for each line of business and is it consistent with the 

risk for the line? 

4. Should the Company buy more or less reinsurance? What type? How efficient is its 

current reinsurance program? 

5. How efficient is the asset allocation? 

2. Outline of the Analysis 

The analysis will proceed in the following steps. 

Section 3 describes how we calculated the aggregate loss distribution fiom its component 

claim severity and claim count distributions. With the aggregate loss distribution, we 

will then discuss the adequacy of DFAIC's capital. 
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Section 4 gives the capital allocations by line of  business. We will also allocate capital 

to support outstanding losses from prior accident years. We will use these capital 

allocations to calculate the cost of  financing tbr the individual lines o f  insurance. 

Section 5 will use the results of  Section 4 to calculate the cost of  financing tbr the 

individual lines of  insurance with the current reinsurance program. For the sake of  

comparison, we will calculate the cost of  financing with alternative reinsurance 

programs, including the program of  no reinsurance. We will then recommend a 

reinsurance program. 

Section 6 will use the results of  Section 5 to calculate target combined ratios that, if  

obtained, will lead DFAIC to make its target return on capital. 

Included with this paper is a spreadsheet that takes the capital allocations described in 

Section 4 and derives the results in Sections 5 and 6. The spreadsheet will allow the 

reader to modify many of  the assumptions made in Sections 5 and 6. 

This paper focuses on DFAIC's underwriting risk. We will not attempt to quantify its 

asset risk or make any recommendations on how DFAIC should alter its investment 

strategy. 

This paper will describe the capital measurement and allocation methodology in a "how- 

to-do-it" mode. Readers who desire a fuller description of  this paper's methodology, 

including its economic rationale, should first read Meycrs [4]. 

3. Capital  Adequacy 

The first step in evaluating an insurer's capital adequacy is to determine its aggregate loss 

distribution. The aggregate loss distribution can be thought of  as a set of  loss scenarios, 

where a "loss" is the sum of  all the individual line of  insurance losses from: (1) all claims 

from the current accident year; and (2) unsettled claims from prior accident years. 

The following simulation algorithm explains our model of  DFAIC's  losses. Explanatory 

notes follow the description of  the simulation algorithm. 
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Simulation Algorithm to Generate Loss Scenarios for DFAIC 

Step 

I. Select a random fl from a distribution with E[I/f l]  = I and Var[I/[3] = b. 

2. For each covariance group, i, select random percentile Pi from a uniform (0,1) 

distr ibut ion.  

3. For each covariance group, i, line of  insurance, h, and accident year, y, with uncertain 

claim payments, do the following: 

• Select o~ihy = p[h percentile of  a distribution with E[otlhy] = 1 and Var[o~ihy] = gihy. 

• Select random claim count, Kih~ from a distribution with mean ~hy,~ihy where 2~hy 

is the expected claim count for line of insurance h and accident yeary  in 

covariance group i. 

• For each i, h, and y, select random claim size, Zihy~, for k = l,...,K'ihy. 

g a .  

4. Set X~y = y Z, h~ = Loss for covariance group i, line h, and accident year y. 

5. set  x = Loss for DFAIC 
~ hoG,, y 

Notes on the Simulation Algorithm 

fl has an inverse gamma distribution, as originally described by Heckman and Meyers 

[3]. The variance, b, is called the mixing parameter, b describes the uncertainty in 

future claim severity. As described in Meyers [4] the random multiplier, fl, causes 

correlation between the lines of  insurance. 

• The various lines of  insurance are classified into "covariance groups." The lines of  

insurance within each covariance group are those that we expect to move together 

over time. Table 3.1 below, gives the assignment of  lines of  insurance to covariance 

groups. 

• By selecting the parameter c~hy =pth  percentile of  a distribution with E[o~ihr] = 1 and 

Var[aihy] = g~y we are making "high" or "low" claim counts in all lines of  a 

covariance group simultaneously. 
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We based the ~leetion of  the parameters, g~.v, on an analysis of  the data of  several 

insurers that report their data to ISO. We used the estimation methodology described 

in Meyers [5]. Although the results based on this data had the greatest influence on 

the final parameter selections, data from Schedule P of  insurer annual statements 

provided supplementary information. 

For most lines of  business, we derived the claim severity distributions from data 

reported to ISO. 

We obtained a workers compensation size of  loss distribution from an independent 

state rating bureau. Using (1) claim payout patterns; (2) aggregate loss payout 

patterns; and (3) the general intuition that later-settling claims are also larger claims, 

we were able to select size of  loss distributions for the current and prior accident 

years that were consistent with the available data. We used this size of  loss 

distribution for all states. 

We used a catastrophe model to generate a hurricane size-of-loss distribution. The 

call for papers did not give the necessary exposure information to run a cat model, but 

we have done analyses on insurer catastrophe exposure. See Insurance Services 

Office [2] for the complete analysis. We selected the catastrophe size-of-loss 

distribution from an insurer that has a similar geographic distribution to DFAIC. We 

made a scaling adjustment so that the 100-year loss was close to 10% of  DFAIC's 

capital, as specified in the call for papers. 

We obtained the expected total losses by estimating the average loss ratio, projecting 

premium to the year 2000, and then multiplying the projected premium times the 

average loss ratio. 

We used a negative binomial distribution to describe the claim count distribution. We 

obtained the expected claim count dividing the expected loss by the expected claim 

severity. As described in Meyers [5], the same methodology that yields estimates for 

the g,hy parameters also gives the variance parameters of  the claim count distributions. 
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In spite of  the loss model's description as a simulation process, we did not use 

simulation to calculate the aggregate loss statistics described below. Instead, we used 

Fourier inversion, as described by Heckman and Meyers [3] and Meyers [6]. The 

aggregate loss statistics calculated by the Fourier methodology are identical to what 

we would expect to obtain by simulation if we repeat the simulation several thousand 

times. The advantage of  the Fourier methodology is that DFAIC's aggregate loss 

distributions can be calculated in a few seconds on current personal computers. Our 

loss model for DFAIC has 50 different line/accident year segments. In the analysis 

below, we need to calculate the marginal cost of capital by removing each 

line~accident year segment from DFAIC and calculating the aggregate loss 

distribution for the remaining losses. We do the calculation for each reinsurance 

strategy. The very fast calculatioh made possible by the Fourier methods is what 

makes this kind of  analysis operationally possible. 

Table 3. I 

DFAIC Aggregate Loss Model Input 

Covariance 
Line of Insurance Group 
Property 1 
Catastrophe 
Allied Lines 2 

Fire 2 

Homeowners 2 

Commercial 
Auto 3 

Private Passenger 
Auto 3 

Auto Physical 
Damage 3 

General Liability 4 

Products 
4 

Liability 
Commercial 
MultiPeril 4 

Workers 
5 Compensation 

Prior 
Accident Years Source of  Size-of-Loss Distribution Data 

0 Catastrophe Model 

1 ISO Basic Group 2 Commercial Property 

1 ISO Basic Group 1 Cormnercial Property 

4 Mixture of  ISO HO property and liability 

ISO Countrywide Commercial Auto 
4 Liability 

ISO Countrywide Private Passenger 
6 Automobile Liability 

ISO Countrywide Auto Physical Damage - 
1 Mixture of  personal and commercial 

6 ISO Premises/Operations Liability 

6 ISO Countrywide Products Liability 

Mixture of  ISO Countrywide Premises/ 
6 Operations and Commercial Property 

4 Independent State Rating Bureau 
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Our analysis of DFAIC's aggregate loss distribution did not include all lines of  insurance. 

Table 3.2 contrasts the percentage of written premium for the included and excluded 

lines. 

Table 3.2 

Lines Included/Excluded in DFAIC Aggregate Loss Analysis 

l , ines Included %DWP Lines Excluded %DWP 

Allied" 0.76% Inland Marine 2.14% 

Fire 0.66% Earthquake 0.04% 

Homeowners" 13.77% Burglar3' 0.00% 

Commmercial Auto Liability 7.01% Special Liability 

Personal Auto Liability 24.67% (Ocean Mar, Aircraft, B&M) 0.91% 

Auto Physical Damage 22.48% Other Liability Claims Made 0.03% 

Other Liability Occurrence 2.61% Reinsurance 0.27% 

Product Liability Occurrence 0.05% Fidelity/Surety 0.95% 

CMP" 14.26% Other (Credit. A&H) 0.21% 

Workers Compensation 9.18% 

Total 95.45% Total 4.55% 

* A portion of the property losses was allocated to catastrophes. 

We calculated the aggregate loss distribution for the current reinsurance strategy and for 

no reinsurance. Chart 3.1 shows the resulting probability density functions tbr each 

aggregate loss distribution. 
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Chart  3.1 

DFAInsurance Company  

Aggregate Loss Distribution 

.3.:' 

3 .tKJ0 

No Reinsurance 

" - "Currgnl  Reinsurance 

4.000 5.000 6.01~ 7.~)0 

L o s s  Amount ( 0 0 0 , 0 0 0 )  

Tables 3.3 and 3.4 give some loss statistics and various percentiles of  the aggregate loss 

distributions with "rod without reinsurance. Tables 3.3 and 3.4 also include a recently 

developed measure of risk called the Tail Value at Risk. The Tail Value at Risk (TVaR) 

is a membcr of a class of"Coherent Measures of Risk." developed in a paper by Philippe 

Artzncr, Freddy Dclbacn, Jean-Marc Eber and David Heath [1]. Meycrs [4] further 

describes this measure. 

To calculate the FVaR, first select an cx-value such as 99%. "rhcn calculate the cd ~' 

percentile, otherv,,ise known as the Value at Risk (VaRa), or" the insurer's aggregate loss 

distribution. The TVaR, is the average of all the aggregate losses greater than VaR,~. 

Following Mcycrs [4], we define the capital needed to support the insurer's losses as: 

Insurer's Capit',rl, = "lVal~,.L - Insurer's Expected Loss. 13.1) 
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Table 3.3 

Aggregate Loss Distribution 
DFAlnsuran_ce Company's Current Reinsurance Strategy 

Aggregate Mean 4,670.320,245 
Aggregate Standard Deviation 441,528,312 

Percentile/ Value at Risk Tail Value at Risk TVaR,~ Implied 
or-Level (VaRy) 

0.00% 0 
5.00% 3,981,884,307 

10.00% 4,118,916,712 
15.00% 4,214,710,884 
20.00% 4,292,757,132 
25.00% 4,361,055,273 
30.00% 4,423,437,646 
35.00% 4,482,123,634 
40.00% 4,538,587,601 
45.00% 4,593,932,131 
50.00% 4,649,081,266 
55.00% 4,704,902,848 
60.00% 4,762,308,463 
65.00% 4,822,363,037 
70.00% 4,886,440,632 
75.00% 4,956,493,675 
80.00% 5,035,597,008 
85.00% 5,129,246,166 
90.00% 5,249,256,922 
92.50% 5,327,867,949 
95.00% 5,431,481,121 
95.50% 5,457,233,034 
96.00% 5,485,511,269 
96.50% 5,516,957,471 
97.00% 5,552,590,699 
97.50% 5,593,562,931 
98.00% 5,642,491,579 
98.50% 5,703,609,532 
99.00% 5,786,406,345 
99.50% 5,920,196,054 
99.90% 6,201,613,212 
99.95% 6,312,968,410 
99.99% 6.553,948,422 

(TVaRa) Capitol 
4,670,320,245 0 
4,714,308,377 43,988,131 
4,750,885,242 80,564,997 
4,785,122,592 114,802,347 
4,818,268,948 147,948,703 
4,850,985,309 180,665,064 
4,883,724,871 213,404,626 
4,916,856,052 246,535,807 
4,950,719,808 280,399,562 
4,985,665,883 315,345,638 
5,022,083,793 351,763,548 
5,060,437,614 390,117,369 
5,101,313,239 430,992,994 
5,145,491,698 475,171,453 
5,194,074,153 523,753,908 
5,248,716,088 578,395,843 
5,312,116,293 641,796,048 
5,389,199,164 718,878,919 
5,490,689,078 820,368,832 
5,558,560,374 888,240,129 
5,649,433,290 979,113,045 
5,672,240,507 1,001,920,262 
5,697,378,336 1,027,058,091 
5,725,441,319 1,055,121,073 
5,757,291,825 1,086,971,580 
5,794,251,579 I, 123,931,334 
5,838,505,673 1,168,185,428 
5,894,086,653 1,223,766,408 
5,969,867,978 1,299,547,733 
6,093,354,285 1,423,034,040 
6,356,439,702 1,686,119,456 
6,461,547,653 1,791,227,407 
6,690,713,812 2,020,393,567 
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Table 3.4 

Aggregate Loss Distribution 
DFAInsurance Company without any Reinsurance 

Aggregate Mean 4,803,449,179 
Aggregate Standard Deviation 451,811,506 

Percentile/ Value at Risk Tail Value at Risk TVaR,~ Implied TVaI~L Implied Difference 
o.-Level (VaR,~) (TVaRa) Capital Capital w/Reins in Capital 

0.00% 0 4,803,449,179 0 0 0 
5.00% 4,098,518.418 4,848,514,188 45,065,009 43,988,131 1,076,877 

10.00% 4,239,075.826 4,885.960,910 82,511,731 80,564,997 1,946,735 
15.00% 4,337,267.437 4,921.001.937 117,552,758 114,802,347 2,750,412 
20.00% 4,417,229,633 4,954,919,320 151,470,141 147,948,703 3,521,439 
25.00% 4,487,179,430 4,988,391,368 184,942,189 180,665,064 4,277,125 
30.00% 4,551,051,966 5,021,882,806 218,433,627 213,404,626 5,029,001 
35.00% 4,611,125,381 5,055,771,150 252,321,971 246,535,807 5,786,164 
40.00% 4,668,912,417 5,090,405,549 286,956,369 280,399,562 6,556,807 
45.00% 4,725,543,728 5,126,143,947 322,694,768 315,345,638 7,349,130 
50.00% 4,781,966,292 5,163,384,814 359,935,635 351,763,548 8,172,087 
55.00% 4,839,068,865 5,202,602,738 399,153,559 390,117,369 9,036,191 
60.00% 4,897,784,402 5,244,396,801 440.947,622 430,992,994 9,954,628 
65.00% 4,959,202,157 5,289,565,494 486,116,315 475,171,453 10,944,862 
70.00% 5,024,727,025 5,339,234,548 535,785,369 523,753,908 12,031,461 
75.00% 5,096,354,650 5,395,096,402 591,647.223 578,395,843 13,251,380 
80.00% 5,177,227,531 5,459,910,283 656,461.104 641,796,048 14,665,056 
85.00% 5,272,961,845 5,538,711,398 735,262,219 718,878,919 16,383,301 
90.00% 5,395,633,669 5,642,467,530 839,018,351 820,368,832 18.649,519 
92.50% 5,475,984,579 5,711,860,388 908,411,209 888,240,129 20,171,080 
95.00% 5,581,892,641 5,804,783,090 1,001,333,911 979,113,045 22,220,866 
95.50% 5,608,215,928 5,828,107,815 1,024,658,636 1,001,920,262 22,738,375 
96.00% 5,637,122,398 5.853,817,515 1,050,368,336 1,027,058,09t 23,310,245 
96.50% 5,669,268,283 5,882,521,205 1,079,072,026 1,055,121,073 23,950,953 
97.00% 5,705,604,046 5,915,102,021 1,111,652,842 1,086,971,580 24,681,262 
97.50% 5,747,584,639 5,952,913,814 1,149,464,635 1,123,931,334 25,533,301 
98.00% 5,797,612,008 5,998,195,243 1,194,746,064 1,168,185,428 26,560,636 
98.50% 5,860,110,958 6,055,079,158 1,251,629,979 1,223,766,408 27,863,571 
99.00% 5,944,797,553 6,132,662,637 1,329,213,458 1,299,547,733 29,665,725 
99.50% 6,081,703,000 6,259,162.825 1,455,713,646 1,423,034.040 32,679,607 
99.90% 6.370,035,159 6,529,082,838 1,725,633,659 1,686,119,456 39,514,203 
99.95% 6.484,300.353 6,637,118,106 1,833,668,927 1,791,227,407 42,441,520 
99.99% 6,732,087,246 6,873,I87,638 2,069,738,459 2,020,393,567 49,344,892 
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The spreadsheet included with this paper gives the correlation matrices for the 

lines/accident year combinations of  DFAIC, with and without reinsurance. 

With the aggregate loss distribution in hand, we now turn to discussing the adequacy of  

DFAIC's capital. Ideally, we would like to have capital adequacy standards that enable 

us to select an t~-Ievel that corresponds to a given rating. While such standards may 

evolve in the future~ we do not believe that standards exist yet. We therefore accept the 

unqualified actuarial opinion that DFAIC's capital is adequate. We also accept that 

DFAIC is entitled to the rating of A given to it by the A.M. Best company. 

DFAIC's capital is $1,604,297,000. By examining Table 3.3 we see that this corresponds 

to an oc-level between 99.5% and 99.9%. However, in constructing DFAIC's aggregate 

loss distribution, we ignored lines of  insurance that account for almost 5% of  the 

premium. We also ignored asset risk. With more than $500 million invested in stocks, a 

drop in asset values in the range of  $50 to 100 million appears possible. At the time of  

this writing, the S&P 500 stock index has recently dropped from over 1,500 to below 

1,200. With this in mind, we judgmentally set an or-level of  99.0%, as our standard for 

adequate capital for the modeled lines/accident year combinations. We will use that 

standard in the work below. 

4. Allocating Capital  

We allocate capital to the 50 line/accident year combinations in proportion to their 

marginal capital. To do that we need to calculate the TVaRg~ for DFAIC 50 times, 

removing each combination, in turn, from the calculation. Because o f  the reduction in 

risk due to pooling, the sum of  marginal capitals for each combination will add up to less 

than the total capital. Thus, we need to multiply each marginal capital by a pooling factor 

to force the total capital to equal the sum of  the allocated capitals. Meyers [4] provides 

the economic rationale for the pooling factor. 

For the long-tailed lines for which DFAIC incurs losses in 2000, there will be uncertainty 

in the loss payments made in 2001, 2002 and even in later years. Thus, DFAIC will have 

to allocate capital for the accident year 2000 in 2001, 2002, and so on. 
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To make those allocations in future years, we must make a business plan for future years 

and allocate capital according to that plan. In our underwriting risk model for DFAIC, 

we allow for uncertainty in future loss reserves for seven years. We assume that 

DFAIC's business plan is to continue its present writings. If it also does not change its 

reinsurance plan, the allocations to line/accident year combinations over the next seven 

years will not change. If DFAIC decides to change its reinsurance plan in 2000, the 

allocations from prior accident years will still reflect the old reinsurance plan. For 

example, in calendar year 2000, there will be one year under the new plan, and six under 

the old plan. In calendar year 2001, there will be two years under the new plan, and five 

years under the old plan. If we introduce a new reinsurance plan, we must do a new 

allocation for each of seven years. 

The spreadsheet that accompanies this paper contains capital allocations for four different 

reinsurance strategies. In this paper we exhibit two of those strategies - the current 

reinsurance plan and no reinsurance. 

Table 4.1 

Capital Allocations for Accident Year 2000 - Current Reinsurance Strategy 

cATLIne\C|] Yelr / Z00~5.,09.S.,3 Z00~ 01~°2-- [0  200.1 G. 2004 [ ZOOS 01l Z006 O 
Allied 2.080,280 448,4891 0 C C C 
Fire l 1,196.144 259 202, C I (~ G C i C 
HO ~ 13,620,g19] 1,834,222 814,426 390,224 C 0 
CAl, [~'--" -5~," 30.202,95~ 14,514,549l 6,154,661 fl 0 

--[ i i 
PAL 319,844,532 74.634,107 16,882.652 6,088.341 2 ,215 ,292  7 9 4 , ' 8 2 ~  
AP|ID 223.086,578. 43,362.982l - -  Oj (~ C (~ 
OLOC ~ 1 1 , 6 2 3 . 3 5 0  8,8o2,618 [ - - ~ "  ~ i ~  920,056 

3 6 . 4 7 1 1 0 8 , 9 7 6  I 24,12~ PI.OC Ig0,894 143.389 80,123] 54.9 2 

I C,MP ; 125,~59,211 47,323.486 20.457 451' 13,436,588 8,388,555~ 5, D4,263, 2,930.801 
~1 11,229,472 2,327,101 882,433 01 (] WC I 40,204,443 25.09[,661 . 2 2 9 , 4 7 2  

Total I 1.278.854,972] 1.192.034.462 1~95.368.61~ Olher Ace. Yemrl 433,555.463 1,031,847.~6 2 
I 

1,299,547,7J3 1.299,547,7331 t,299,547,73] 1,29q.547.733 1,299,547,732 1.2~9.547.733 1,299.547.73~ 
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Table 4.2 

Capital Allocations for Accident Year 2000 

u.cxcaJ ve.r 2000 l 2o~1 1 2002 2003 
'CAT I0,825.5~5 l" c o I o I 
:AUI~d 2,755,376 ! 598,084, 0 0[ 
Fire 2,088,443 462.445 01 0 

- N o  R e i n s u r a , a c e  

2004 2005 [ 2006 
o 0[ 

3 31 
ItO 60.117,157, 13,630,159' 1.840.64 

PAl+ 316,846,970 73,410,423, 16,620+261 
APtlD 221,395.415 42,680.569 < 
OLOC t3.151.693 10,5[2,690' 7,50~.30~ 
PLOC 211,935 174,496' 133,36[ 
CMP 130,892,569 52,918,138' 24,550,98( 
~,'C ] 43,J39,968] 27,208,148' 
Other Ace. Y e m r , ~  ~ '  1 . 2 ~  
l'olal 1,313,047,863 1.326.149.463 i 1,327,617,29i 

1,840.641' 818,455. 392,988 

29,7L2,369 14,286,9741 6,062,589 01 0 

16,620+2681 5,996,813 

.Z ++Z 
2,183,421 784,3361 300,435 

01 0 0 
3,205,06~ ] 1.960,704, !:250,798 

67,786 45,0251 29,757 
10.465,673 6 ,470,773 3.824,253 

962,906 0 -0 
1,305.450,556 1.3L9,792,066 1,323,908,215 
1,328,790.987 1,329,052.903 1,329,213,458 ,327,6 7,298 ,3~28~] 4] , ~  

Here are some observations on Tables 4.1 and 4.2. 

• The current reinsurance strategy allocations in Table 4.1 correspond to the aggregate 

loss distribution in Table 3.3. The total capital for the current reinsurance strategy is 

equal to that implied by TVaR99*,.I in Table 3.3. 

• If DFAIC changes over to no reinsurance, by 2006 we will allocate no capital to the 

line/accident year combinations affected by the current reinsurance. The total capital 

in 2006 for the no-reinsurance stiategy is equal to that implied by TVaR99% in Table 

3.4. 

• As removing the reinsurance affects more and more accident years, the total capital 

needed increases from $1,299,547,733 needed with reinsurance to $1,329,213,458 

needed in 2006 with no reinsurance. 
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5. T h e  Cost  of  F i n a n c i n g  I n s u r a n c e  

Ultimately, the policyholders must bear the cost of  capital and/or reinsurance. Investment 

earnings on tile capital reduce that cost to some extent. In this section, we calculate the 

expected profit needed in 2000 for the insurer to make its overall expected return on 

capital. 

Let Ax(t) be the capital allocated to line of  insurance k in calendar year 2000 ~- t. For 

example we see ill Table 4.1 that for k = allied lines we have that A~(0) = $2,080,280 and 

Ak(l) = $448,489. DFAIC needs $2,080,280 at tile beginning of  2000 to support its allied 

lines losses from acctdent year 2000, and it needs $448,489 to support its allied lines 

losses from accident year 2000 at the beginning 2001. If DFAIC gets a 7% return on its 

invested assets the company can release $2,080,280 ~, 1.07 - 448,489 = $1,777,411 to its 

investors at the end of  2000. Let i be the return on invested assets, R~(O) be the Net Cost 

of  Reinsurance, calculated as (Price - Expected RecoveD,.)x(l - Corporate Income Tax 

Rate) payable for line k at the beginning of  2000. Let Relt(t) be the capital released at the 

beginning of  calendar year 2000 + t. Then following Meyers [4], Table 5.1 gives the 

schedule for releasing capital. 

Table 5.1 

Schedule for Releasing Capital 

Financiul StJpport 
Time Allocated at "rime t Amount Released at Time t 

0 A~(O) + RA(O) 0 
I Ax( 1 ) Rel~(1 ) = Ax(0)(l  +i) - A~(1) 

t A~(t) Reh(t) = ,'Ix(t- 1 )( 1 +i) - A ~(t) 

We give the schedule for releasing capital for DFAIC for i = 7% in the following tables. 

These tables are also available on tile spreadsheet included with this paper. 
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;chedule for Releasing Capital at the 

Line\Cal Year 20110 
CAT 5,467,222 
Allied 1,777,41 I I 
Fire 1,020,672 
IIO 50,347,3 If 
CAL 33,959,512 
PAL 267,599,542 
APIID 195,339.65~ 

[OLOC 3,544,36~ 
PI ,OC "---._.. [_5 O, 16~ 

MP 87,345,87C 

Table 5.2 

End o f t h e Y e a r  with Current Reinsurance SEategy 

WC 17,927,092 15,618,605 

i _ .  2001 z o o z  i - 2 0 ~ -  2004  2 0 0 s  

01 0 0. 
479,883 0 0 
277,347 (I 0 ~. 

12,740,055 1,148,191 481,21 II 417,5401 _ 
27.495,052 17,802,615 9,375,40-61 6,585,488 C 
62,975,842 11,976,096 4,299,233, 1,575,538 546,3313 
46,398,391 0 O, 0 13 

3,294,95(I 2,491.962 1,848,370 1,211,4421 768.091 
44.450 36,481 3 0 , 8 1 9  22,2821 14,902 

30,178,650 8,452,916 5,988,594 3,871,490 2.530.761 
9.688,434 1,607,565. 94.4,204 [J 

2006 i 
o~ 

. . . . .  01 
0. 

. . . . . . . .  0 '  

OI 

25,8141 
3,135,957 

) 

Schedule for Releasing Capital 

Line\Cal Year I 2000 ': 2001 [ 
CAT I II .583,290 0 I 
:Allied [ 2.350,168 639,9501 
Fire 1,772,190 494,816! 0 
I_t.O ................... 50.695,199 12,743,630 1,151,031 
CAL 34.337,142 i 27.042,213 17,505,261 
PAl+ 265,615,8351 61.928,885 

Table 5.3 

at the End of  the Year with No Reinsurance 

2002 ] 2003 2004 00 20115 2006 
0! 0 O 0 
11~ 0 0 0 

0 420,4907 0 0 482,759 0 0 
9,224.473 -6,486,970 0' 0 

11,786,873 4,233.169-T,,531,923[- 53818041-32i~465 
APHD 194,212,524 45,668,209~ 01 0 
OLOC 3,559,6211 3,739,'274 2,963,038 2,221,885 
PLOC 52,275 53,3431 44.o571 37,766 
CMP 87,136,91(I 32,071,428 9,760,2041 7.199,326' 
WC 9, 65,6 8 6,882, 371 0,549,9 5 .75 ,4771 

0 ~ 0] 0 
1,468,718 947,1551 1,231,354 

27,506 18.4201 31.840 
6' 4,727,497 3,099,474 4,091,950 
71 1,030,310, 0 0 

Let e be DFAIC's expected pretax return on equity. Then, following Meyers [4], the cost 

of financing, AP,(O), necessary for the insurer to make its expected rate of  return is given 

by: 

(0) = .4~ (0) - '~" Rel, (t) + R, (0) (5.1) 
,=1 ( l + e )  ~, c,~"--"'-] 

C¢¢)I o f Cll~ltlll  o f  R¢lrt~ttrArlc e 

We will calculate the Net Cost of  Reinsurance by first specifying an expected loss ratio, 

ELRk. We then have: 

R, (0) = E[Recovery in Line k]×( I - - - -~-  1 ]×(1  - Corporate Income Tax Rate) (5.2) 
ELR, ) 
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Then setting e = 15%, ELR~ = 50% for the catastrophe line; ELR~ = 65% for all other 

lines; the corporate income tax rate = 35% attd applying Equation 5.1 to the entries in 

Table 5.2 --- we get the following table for the cost of financing with the current 

reinsurance strategy. 

"Fable 5.4 

The Cost of Financing Insurance with the Current Reinsurance Strategy 

Line of Cost of Net Cost of  Cost of  
Business Capital Reinsurance Financing 
CAT 355,447 2,857,770 3,213,217 
Allicd 171,845 1,042.073 1,213,918 
Fire 98.890 1,168.697 1,267,587 
HO 5.132.037 18,183 5,150,221 
CAL II .472,953 0 11.472,953 
PAL 28.056,063 0 28,056,063 
APHD 18,142,158 0 18,142,158 
OLOC 2,050,057 1,796,206 3,846,263 
PLOC 34,826 37,875 72,701 
CMP 13,907,103 4,171,525 18,078,628 
WC 5,046,888 5,986,520 11,033,408 
Total 84,468,267 17,078,848 101,547,115 

Doing the same calculation with the entries in Table 5.3. we get the following table tbr 

the cost of  financing with no reinsurance. 

Table 5.5 

The Cost of Financing Insurance with No Reinsurance 

Line of Cost of Net Cost of  Cost of  
Business Capital Reinsurance Financing 
CAT 753,079 0 753,079 
Allied 227,857 0 227,857 
Fire 173,257 0 173,257 
HO 5,156,459 0 5,156,459 
CAL 11,346,968 0 11,346,968 
PAL 27,753,784 0 27,753,784 
APHD 17,983,232 0 17,983,232 
OLOC 2,407,721 0 2,407,721 
PLOC 41,975 0 41,975 
CMP 15,108,299 0 15,108,299 
WC 5,458,493 0 5,458,493 
Total 86,411,124 0 86,411,124 
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We also considered two additional reinsurance strategies. We summarize the results in 

the following table. 

Table 5.6 

Cost of  Financing Insurance for Four Reinsurance Strategies 

Reinsurance Cost of  Net Cost of  Cost of  
Strategy Capital Reinsurance Financing 

Current Reinsurance 84,468,267 17,078,848 101,547,115 
No Reinsurance 86,411,124 0 86,41 I, 124 

Cat Reinsurance Only 85,922,455 3,835,282 89,757,738 
90% of  Loss over $50 M 
Liability Reinst, rance Only 84,905,169 12,010,309 96,915,478 

Comments 

DFAIC is paying a net cost of  $17,078,848 tbr its rcinst,rance in order to save 

$86,411,124 - $84,468,267 = $1,942,857 for its cost of  capmd. We recommend that 

DFAIC stop buying reinsurance. Qt,alitatively, this makes sense for a well-diversified 

insurer writing more than $2.5 bilhon in prcnaium with more than $5.3 billion in assets, 

and no significant catastrophe potential. 

However, wc offer one qualification to this conclusion. The decision to purchase 

reinsurance is usually made by t, ppcr level management who are sensitive to the needs of 

the insurer's investors. I f  the investors value stability ill earnings, they will demand a 

higher return oil capital if the reinsurance coverage is dropped. In that casc, the cost of  

financing reinsurance will not be reduced by tile as much as the above analysis indicates. 

The following table gives the return on capital that makes all four of  the above 

reinsurance strategies equivalent. 
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Table 5.7 

Return on Capital for Four Reinsurance Strategies 

Reinsurance Return on Cost of 
Strategy Capital Financing 

Current Reinsurance 15.00% 101,547,115 
No Reinsurance 16.59% 101,547,115 
Cat Reinsurance Only 
90% of Loss over $50 M 16.24% 101,547,115 

Liability Reinsurance Only 15.49% 101,547, I 15 

Whether or not investors will dema,ld these returns is debatable. Fina,acial theory tells us 

that investors will not demand a higher return if the risk removed by reinsurance is 

diversifiable. We leave it at that. 

6. Target Combined Ratios 

The final step in this analysis is to calculate target combined ratios lbr each line of 

insurance. These targets will take into account the cost of financing insurance, 

investment income derived from writing the insurance and expenses. We made the 

following assumptions (simplified for the purpose of this paper.) 

• Losses are paid at the midpoint ofthe year. 

• Losses are discounted at DFAIC's return on invested assets when calculating the 

Actuarial Present Value (APV) of the losses. 

• Loss Adjustment Expenses (LAE) are a percentage of the expected loss and are paid 

at the same time as the losses. 

• Other Expenses are a percentage of premium. 
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Table 6.1 

Target  Combined Ratios with Current Reinsurance Strategy 

Cost of Financing% 

CAT [ Allied 
18,645,163l 19,915,510 

Fire I H *  

9.19%: 

13,083,7611 437,032,492 
CAL I PAL 

190,819,7441 743,842,60( 
162,654,461 [ 698,375,98~ APVlLoss ] 18,024,960i 18,938,164 12,441,681', 411,201,278 

LAE% 13.31% 8.10% 590%. 12.10% 13.90%~ 13.40% 
LAE 2,481,671 1,613.156 771,942 52.880,932 26,523,944 99,674,90~ 
APV of LAE 2,399,122 1,533,991 734,059 49,755,355 22,608,970 93.582,382 
Other Expense% 32.42% 31.10% 37 40% 30.70°/0 30.00% 22.800A 
Other Expense I 1,339,468 9,788,634 8,363,087 206.484,365 84,315,593 242,180,428 
Cost of Financing 3,213,217 1.213,918 822,369 5.146,510 11,472,953 28,056.063 

3.86% 2.64°Z 
34,976,767:, 

3.68%:, 0.77% 
22~361,|96[ 672,587,508 281,051,97[ 

-99~36bZ1 103.54°/0 
Premium 31,474,707 
Target Comb Ratio 92.82% I 99.50% 

I I 

4.08%. 2.64% 
281,051,978'1,062,194,85~ 

107.33%i 102.21°~( 

I 
WC Total APIID I O L O C  I PLOC CMP 

E[Lossl 540,201,9331 50,547,922[ 817,783 457,887,696[ 346,008,816 
APVILoss I 513,691,728 38.679,364', 579,805 417,569,5431 309,668,745 
LAE% 9.25% 25.10% 25.10% 17.20%[ 13.00% 
LAE 49,968,679 
AP~o?-I~AE 47,516,485 
Other Expense*/, 

l ~ i i ~ p e n s e  - -  
,Cost of Financing 
Cost of Financing*/. 

23.70% 
179,955,489 

18,142,158 
2.39% 

Premium 759,305,859 
= Target Comb Ratio I 01.43% 

2,818,803,427 
2,601.825,715 

13.15% 
12,687,528 205,263 78,756,6841 44,981,146 370,545,855 
9,708,520. 145.531 71,821,961 40,256,937 340,063,314 

27.70% ~, 27.70% 36.40% 22.30% 27.54% 
20,012,253! 309,204 289,951,641 103,245,083 1,155,945,243 
3,846,2631 81,718. 17,227,296 9,811,669 99,034,133 

5.32%1 7.32% 2.16% 2.12%1 2.36% 
72,246,4001 1,116,258 796,570,442 4 6 2 ~ 4 , 1 9 6 , 8 6 8 , 4 0 5  

115.23°/*[ ~ 103.77°/o 106.75°/01 
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Table 6.2 

Target Combined Ratios with No Reinsurance 

CAT [ Allied 
18,645,1631 19,915,510 

IAPVlLossl 18,024,960' 18,938,164 
LAE% 13.31% 8.10% 
:LAE 2,481,671 1,613,156 
IAPV of LAE 2,399,122 1,533,991 
!Other Expense% 32.42%: 3 I. 10%o 
Other Expense 
Cost of Financing 
Cost of Financing% 
Premium 

10,159,2711 9,343,547 
753,079[ 227,857 

2.40% 0.76% 
31,336,432 30,043,560 

[Target Comb Ratio 99.84% I 102.76% 

[ APIID i OLOC 
', E[Loss] 540,201,933! 50,547,922 
IAPV[Lossl 513,691,7281 38,679,364 
!LAE% 9.25% ~, 25.10% 
ILAE 
, APV of LAE 
Dther Expense% 

, Dther Expense 
Cost of Financing 
C o s t  o f  Financing% 
Premimn 
[Target Comb Ratio 

49,968,6791 12,687,528 
47,516,485] 9,708,520l 

23.70% I 27.70%', 
179,906,1231 19,461,1101 

17,983,2321 2,407,7211 
2.37% I 3.43%i 

759,097,567 70,256,7151 
101.45% 117.71% I 

Fire , ItO 
13,083,7611 437,032,492 
12,441,681 411,201,278 

5.90°A 12.10% 
771,942 52,880,932 
734,05cj 49,755,355 
37.40%c 30.70% 

7,975,279 206,488,772 
173,25'7 5,156,459 I 

0.81°A 0.77 '/*l 
21,324,276 672,601,865 

102.38°,4 103.54% 

PLOC CMP 
817,783 457,887.696I 
579 805 417,569,543 
25.10% 17.20% 
205,263 78,756,684 

I 
145,531 71,821,9611 
27.70% 36.40% 
293,977 288,738,882 

I I 
41,975 15,108,299 
3.96% 1.90% 

1,061,288 793,238,686 
124.10°./o 104.05% 

CAL ] PAL 
190~ ~,_744 ] 743,842,606 
162,654,461 698,375,986 

3.90% 3.40% 
26,523,9441 99,674,909 
22,608,970[ 93,582,382 

30.00%1 22.80% 
84,261,600[ 242,091,154 

218:1i!1'7~ili 1 ,0 : : i i21 i l i  

i 
WC Total 

346,008,816 2,818,803,427 
309,668,745 2,601,825,715 

13.00~ 13.15% 
44,981,146 370,545,855 
40,256,937 340,063,314 

22.30% 27.54% 
101,995,716 1,150,715,431 

5,458,493 86,411,124 
1.19°,4 2.07% 

457,379,89C 4,179,015,584 
107.78°,4 103.85% 

The target combined ratios provide a tool to evaluate the line of business's financial 

performance. This tool reflects the line's contribution to DFAIC's total risk. 
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7. Conclusions 

We give our responses to the questions the CEO would like addressed. 

1. Is the Company adequately capitalized? Is there excess capital? How much capital 

should the Company hold as a stand-alone insurer'? 

Response - We accept tile current capital as adequate, with no excess capital. We 

find that the quantitative standard implied by the Tail Value at Risk evaluated at the 

99% threshold works for DFA[C. 

2. How should the capital be allocated to line of business? 

Response - We allocated capital in proportion to the marginal capital implied by the 

Tail Value at Risk evaluated at the 99% threshold. Tables 4.1 and 4.2 give the 

results, for the current reinsurance and no-reinsuraqcc strategy. 

3. What is the return distribution for each line of business and is it consistent with the 

risk for the line'? 

Response - We defined the cost of financing insurance as the total of the allocated 

cost of capital and the net cost of reinsurance. These costs are consistent with the risk 

for each line of insurance. "l'ablcs 5.4 and 5.5 give the dollar costs for the current 

reinsurance and no-rcinst,rance strategies. "fables 6.1 and 6.2 give the target 

combined ratios implied by these costs of financing insurance for the two strategies. 

4. Should the Company buy more or less reinsurance? What type? How efficient is its 

current reinsurance program? 

Response - We conclude that DFAIC should not buy any reinsurance. DFAIC is a 

well-diversified insurer with little catastrophe exposure. The company will save 15% 

of its cost of financing reinsurance by not buying reinsurance. We might modify this 

conclusion if DFAIC's investors would demand a higher return on capital when 

DFAIC's management drops the reinsurance. 

5. How efficient is the asset allocation'? 

This paper does not address that question. 
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The Cost of Financing Insurance 

by 

Glenn Meyers 

Insurance Services Office, Inc. 

Abstract 

This paper uses Dynamic Financial Analysis (DFA), to attack one of  the longest-running 

problems in actuarial s c i e n c e - -  that ofdetemfining the appropriate profit loading for a 

line of  insurance. For an insurance company, the cost of  financing insurance is its 

(dollar) cost of  capital plus the net cost of  its reinsurance. The profit loading for a line of  

insurance is the cost of  financing allocated to the line of  insurance. Important 

considerations in determining this allocation include: (1) how much does the line 

contribute to the need for capital; and (2) how long must the insurer hold capital to 

support the uncertainty in its underwriting results. 
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Introduction 

This paper uses the recently coined actuarial discipline, Dynamic Financial Analysis 

(DFA), to attack one of  the longest-running problems in actuarial science - that of  

determining the appropriate profit loading fur a line of  insurance. Susan Szkoda [8], in 

her five-part article beginning in the May 1997 Actuarial Review, defines DFA as "a 

process for analyzing the financial condition of  an insurance entity. Financial condition 

refers to the ability of  the cntity's capital and surplus to adequately support future 

operations through a currently unknown future environment . . . .  In a very real sense, 

DFA requires the actuary to evolve into a financial risk manager." 

In this paper, I will attempt to derive a logically consistent method for using DFA to 

determine the profit loading on a line of insurance. I will then apply the method to one 

hypothetical insurer. 

The ABC Insurance Company is a multiline insurance company. Its goal is to obtain an 

above-average retuna on equity by setting profitability targets for each of  its underwriting 

divisions that reflect the cost of  capital needed to support each division's contribution to 

the overall underwriting risk. I fABC expects an underwriting division's long-term 

results to fall below its target, the company intends to get out of  that line of  insurance. 

ABC's management wants to use the following considerations as input into its decisions. 

• Flow much capital must the company hold? While ABC's management recognizes 

the important role of  regulators and rating agencies in determining an insurer's 

capital, tile managers feel that controlling the insurer's risk, as measured by its 

statistical distribution of outcomes, provides a meaningful yardstick for setting 

profitability targets. 

• How long must the company hold capital? The company may not know its 

underwriting results of  its liability lines of  insurance for several years. As long as 

there is uncertainty in the final result, the company must hold some capital. The 

profitability targets for each line of insurance should reflect the cost of  holding capital 

until all claims are settled. 
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• How much investment income does the insurance operation generate? As the insurer 

is holding capital for the contingency of unusually high losses, it is also earning 

investment income on its capital. The profitability targets for each line of  insurance 

should also reflect the investment earnings generated by each line of  business. 

• How closely correlated are the losses in the various lines of  insurance? The textbook 

illustrations of  the economic value of  insurance often assume that insured accidents 

are independent events. Positive correlation increases the amount of  capital needed 

and hence its cost. The profitability targets for each line of  insurance should rcflcct 

this cost 

• What is the effect of  reinsurance? In place of  raising capital, an insurer may rely on 

reinsurance to provide security for its ability to pay losses. The effect of  reinsurance 

is to replace part of  the cost of  capital with the cost of  reinsurance. The profitability 

targets should reflect both the cost and benefit of  reinsurance for each lille of  

insurance. 

I define the cost of  financing an insurance company as the combined cost of  capital and 

the net cost of  reinsurance (that is, the premium less the expected reinsurance recovery). 

The ABC Insurance Company wants to allocate its cost of  financing back to its individual 

underwriting divisions. 

ABC will add the allocated cost of  financing insurance to the expected losses and the 

other allocated expenses to obtain target combined ratios for each underwriting division 

in the company. 

2. Outline 

The final product of  this analysis will be a table of  target combined ratios for 

underwriting divisions of  the ABC Insurance Company. As we move toward that end, I 

will cover a number of  actuarial and financial concepts. Here are the highlights of  our 

trip. 
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Section 3 discusses the concept of capital and the insurer's aggregate loss 

distribution. The typical insurer writes several lines of insurance and so we must get 

the distribution of the sum of the random losses from each line. That means we must 

consider the possibility that the losses in each line are correlated. 

Section 4 introduces the concept of measures of risk. The section begins with four 

axioms that risk measures should satisfy. Next I state a theorem that characterizes all 

risk measures that satisfy these axioms. 1 then discuss how well some of the popular 

actuarial risk measures fit into this axiomatic framework. 

Section 5 discusses the cost of capital. We express the amount of needed capital in 

terms of the insurer's chosen measure of risk. The insurance company's investors 

provide this capital - -  at a cost. The policyholder must ultimately pay the cost of 

providing this capital. This section gives a formula to allocate the cost of capital to 

the various underwriting divisions i which in turn must decide how to allocate their 

allocated cost of capital to their individual policyholders. 

Section 6 discusses the effect of long-tailed lines of insurance. An insurer does not 

know the underwriting result for the typical liability line for insurance several years. 

As long as there is uncertainty in the final result, the insurer must hold some capital. 

This capital has a cost. This section shows how to allocate the cost back to the 

appropriate underwriting division. 

Section 7 discusses reinsurance. In place of raising capital, an insurer may rely on 

reinsurance to provide security for its ability to pay losses. The effect of reinsurance 

is to replace the cost of capital with the net cost of reinsurance. Introducing 

reinsurance forces us to move from the very specific concept of the cost of capital to 

the more general concept of the cost of financing insurance. 

Sections 8 and 9 put all the pieces together to calculate the cost of financing insurance 

for each underwriting division. We will calculate the cost of financing with and 

without reinsurance, and for two different measures of risk. 
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• Section 10 translates the results into target combined ratios. 

• Section 11 finishes the paper with some concluding remarks. 

I am writing this paper to provide a conceptual overview of how to apply DFA to the 

management of  underwriting risk. A comprehensive DFA analysis on a real insurance 

company involves a myriad of  details that, if considered here, would make the underlying 

concepts harder to grasp. Therefore, I have made a number of simplifications, the most 

important of which is the model of the insurer's losses. 

3. Capital and the Distribution of an Insurer's Aggregate Losses 

The first step in our analysis will be to determine how much capital an insurer needs to be 

"reasonably" certain that it can pay its claims. Often, the insurer will be able to pay its 

claims from the expected loss portion of its premium income. But in some years losses 

are above average, and the insurer needs additional capital to make good its pledge to its 

insureds. Although the insureds would like to be absolutely certain that the insurer has 

enough capital to pay its claims, in practice, insurcds are willing to allow tbr the "'rare" 

possibility that the insurer will have insufficient funds. Chart 3.1 illustrates the idea. 

We will further refine our notion of"rare" in the next section. 
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Chad 3.1 

o, 

"6 

. }  Capital 

IIRandom Loss ] 
i~Needed A.ss~ts I 
~l"IExpected Loss I 

The total assets needed to cover losses is equal to the sum of: 
(1) the expected loss, which comes from the premium, plus 
(2) the capital which comes from the insurer's investors. 

We need to consider the insurer's distribution of aggregate losses when determining the 

amount of capital needed. The most common description of an insurer's aggregate losses 

is the collective risk model. That model describes the insurer's losses in terms of a 

random claim count and a random claim size for each line of insurance. The model 

allows us to account for several features of the insurer's business including inflation, 

deductibles, policy limits, and reinsurance. 

Conceptually, the easiest way to implement the collective risk model is to perform a 

Monte Carlo simulation. There are practical problems in doing this because the 

simulations can take a considerable amount of time. If the insurer wants to consider a 

number of  alternative strategies that involve purchasing reinsurance and/or modifying its 

book of business, the time needed to do the computations can limit the number of 

ahematives the company can consider. There are faster ways to perform collective risk 

model calculations, but those methods rely o=1 advanced mathematical techniques. 

In writing this paper, I have chosen to move most of the problems to the background by 

building a simplified aggregate loss model. The model consists of four lines of 

insurance. We will describe the aggregate loss distribution for each line of insurance by a 
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normal distribution with mean It and standard deviation or. The lines will have varying 

risk and loss payment characteristics. There will be an additional catastrophe loss that 

occurs with a low probability. With that simplified model, we can perform the necessary 

convolutions to sum the random losses and instantaneously calculate the various statistics 

needed to do the financial analysis. 

The example we will follow throughout this paper will be the ABC Insurance Company. 

For the accident year 2002, it expects to pay $250 million in losses. For prior accident 

years it holds reserves totaling 5;227 million. The following table presents the 

outstanding liabilities for each line of insurance. 

Table 3.1 
By Line Loss Statistics for ABC Insurance Company 

Outstanding Loss + ALAE Parameters 
Line & A ¥  /1 o'/fl o" 

GL-1998 2,000,000 0.270 540,000 
GL-1999 10,000,000 0.180 1,800,000 
G L-2000 25,000,000 0.120 3,000,000 
GL-2001 45,000,000 0.090 4,050,000 
GL-2002 70,000,000 0.060 4,200,000 
PL- 1998 5,000,000 0.300 1,500,000 
PL- 1999 15,000,000 0.200 3,000,000 
PL-2000 30,000,000 0.150 4,500,000 
PL-2001 50,000,000 0.100 5,000,000 
PL-2002 70,000,000 0.080 5,600,000 

Auto-2000 10,000,000 0.140 1,400.000 
Auto-2001 35,000,000 0.080 2,800,000 
Auto-2002 70,000,000 0.050 3,500,000 
Prop-2002 35,000,000 0.090 3,150,000 
Cat-2002 5,000,000 7.000 35,000,000 

The catastrophe loss distribution consists of a loss of  S250 million with probability 0.02, 

and a loss of  zero with probability 0.98. 

An important consideration when analyzing aggregate loss distributions is correlation. 

Consider an example with independent random losses XI and A'2, each with mean 2000 

and standard deviation 500. Chart 3.2 shows a plot of  the sum o f X / a n d , ~  for 25 

random selections. 
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C h a r t  3.2  

U n c o r r e l a t e d  L o s s e s  
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An insurer covering X~+Xz would need assets slightly over $5,000 to cover the 
losses shown. 

Now, let's complicate the example by first taking a random multiplier, fl, of  0.7, 1.0, or 

1.3. (The corresponding probabilities of  flare 1/6, 2/3, and 1/6 respectively.) Next we 

take XI and X, as above and then set Y,= flX~ and Y2 = flV2. Chart 3.3 shows a plot of  100 

randomly selected pairs (Yt. Y2). As Chart 3.3 illustrates, Y/and Y2 are correlated. 
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Chart 3.3 

4° 1 3,000 • A • : 

'L 2.000 • ~ . •  
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Large values of Yf (=l~(d are statistically associated with large values of  Y2 (=/~Xz). Hence 

YI and Yz are positively correlated. 

Adding a pair of  correlated random losses produces a more volatile distribution than 

adding a pair of similar but uncorrelated random losses. Chart 3.4 shows the effect of 

adding the Y's corresponding to the X's in Chart 3.2. 

As Charts 3.2 and 3.4 clearly illustrate, an insurer would need more assets to cover Yt+Y2 

than it would need to coverXl+X2. Now since E[fl] =1, we have that 

E[Yt+Y2] = E[X/+X2]. Hence the insurer would need to get more capital from its 

investors to cover YI+Y2 than it would need to coverX~+X2. 
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An insurer covering YI + Y2 would need assets well over $6,000 to cover the 
losses shown. That is noticeably higher than the assets needed to cover the 
losses XI+X2 shown In Chart 3.2. 

Now let's apply this random multiplier idea to our model of  the noncatastrophe losses of  

the ABC Insurance Company. For a given b > 0, choose random multipliers: 

fl = 1 - ~ with probability 1/6 

fl = 1 with probability 2/3 

fl = 1 + ~ with probability 1/6 

We have that E[fl] = 1 and Var[fl] = b. 

We will apply the random multiplier, fl, to all o fABC's  noneatastrophe losses. Setting b 

= 0 forces ABC's non-catastrophe losses to be independent. Increasing b results in a 

greater volatility of  ABC's total noncatastxophe losses. Table 3.2 gives some aggregate 

statistics for ABC's noncatastrophe losses over a range ofb ' s .  

Table 3.2 
Aggregate Statistics for ABC's Noncatastrophe Losses 

b Standard Deviation 99 a~ Percentile 
0.00 12,899,868 502,009,504 
0.01 48,948,040 577,282,947 
0.02 68,010,402 612,585,449 
0.03 82,794,437 639,672,796 
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4. Measures of  Risk 

4.1 Introduct ion 

The discussion in the previous section of  the assets needed to covrr an insurer's potential 

losses has two implicit assumptions: 

1. The amount of  needed capital increases with the volatility of  the insurer 's losses. 

2. It is unreasonable to require an amount of  capital sufficient to cover all potential 

losses. 

In this section, we discuss some rules for determining how much assets and capital an 

insurer needs to cover its losses. These rules will depend on the insurer's aggregate loss 

distribution. Other valid considerations, such as the quality and reputation of  the 

insurer's management, are beyond the scope of this paper. 

Most of  the ideas in this section come from the paper "Coherent Measures of  P, isk" by 

Philippe Artzner, Freddy Delbaen, Jean-Mare Eber and David Heath [2]. Their paper 

considers the problem of  setting margin requirements on an organized exchange. "lhis 

problem is similar to that of  setting capital requirements for insurance companies. 

This paper was written for an academic audience with extensive training in probability 

theory. Some actuaries will have some difficulty digesting the paper itself. In this 

section, I will attempt to describe the paper's ideas in language that is familiar to most 

actuaries. 

Artzner [3] has written another paper on the subject that casualty actuaries might find 

more accessible. 
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4.2 A Motivation for the Definition of  Coherence 

Consider the following set often scenarios, each with associated losses XI, X2, X3 and 3(4. 

Table 4.1 

Scenario ,Yl .Y2 Xt +,Y2 Xz = 2 *Xi X4 = Xi  + l 
1 1.00 0.00 1.00 2.00 2.00 
2 2.00 0.00 2.00 4.00 3.00 
3 3.00 0.00 3.00 6.00 4.00 
4 4.00 1.00 5.00 8.00 5.00 
5 3.00 2.00 5.00 6.00 4.00 
6 2.00 3.00 5.00 4.00 3.00 
7 1.00 4.00 5.00 2.00 2.00 
8 0.00 3.00 3.00 0.00 1.00 
9 0.00 2.00 2.00 0.00 1.00 
l 0 0.00 1.00 1.00 0.00 1.00 

Maximum Loss 4.00 4.00 5.00 8.00 5.00 

We can think of the X~'s as random variables representing the losses of the i 'h risk. In our 

examples, we shall assume that each scenario is equally likely. Let us define a measure 

of risk for Xi as 

,o(A't- ) = Maxim um (A'j.), 

where the maximum is taken over all ten scenarios. 

That measure of risk fulfills the needs of an insurance regulator who wishes to require 

that the insurer have sufficient assets, quantified by p(,~, to cover the losses incurred in 

each of  the scenarios. Premiums paid by the insureds may supply some of  the assets. 

The remainder of the assets must be supplied as insurer capital. 
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Using Table 4.1 as an aid, the reader should be able to verify that the measure of  risk, p, 

satisfies the following axioms. 

1. Subadditivity- For all random losses Xand Y, 

p(X + Y)< p(X)+ p(Y). 

2. Monotonicity - If X < Y for each scenario, then, 

p(X)<<_p(r). 

3. Positive Homogeneity - For all 2 > 0 and random losses,It; 

p(2X) = ap(X). 

4. Translation lnvariance- For all random losses X and constants ~, 

p(X +ct)= p(X)+ct. 

A measure of  risk that satisfies these four axioms is called a coherent measure of risk. 

The axioms describe what appear to be reasonable properties for a measure of  risk. 

• Subadditivity reflects the diversification of portfolios or that "a merger does not 

create extra risk" [5, page 5] and [2, page 5]. This is a natural requirement consistent 

with the role of  insurance. In general, we expect mergers to reduce the risk. 

• Monotonicity means that if X<  Y for every scenario, the assets needed to support X 

are less than the assets needed to support Y. 

• Positive homogeneity is a limiting case of subadditivity, representing what happens 

when there is precisely no diversification effect [5, p. 4]. 
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The "Standard Deviation" criterion sets the measure as the expected value of  the loss plus 

a predetermined multiple of  the standard deviation. For the scenarios listed in Table 4.3 

below we have: 

X~ S-\'2 

p ( X ,  ) =- E[X, ]+ 2. StDev[X, ] = 5.83 

p ( X : )  ~- E [.\',l + 2. Stl)ev[X,] = 5.00 

As this example shows, the Standard Deviation criterion violates the monotonicity axiom. 

Table 4.3 

Scenario XI X2 
1 1.00 5.00 
2 2.00 5.00 
3 3.00 5.00 
4 4.00 5.00 
5 5.00 5.00 
6 5.00 5.00 
7 4.00 5.00 
8 3.00 5.00 
9 2.00 5.00 
10 1.00 5.00 

E[Loss] 3.00 5.00 
StDev[I.oss] 1.41 0.00 

E[Loss],-2*StDev[Loss] 5.83 5.00 

Note the following. 

Proposition 4.1 

3"he Standard Deviation criterion is subadditive. 

Proof 

2 = Var[X + Y] and rye = Corr[X. Y] Then: Let o" xz = Var[X], o'~ = Var[Y], cr.r,v 

E[X + Y] + ro'.,.,r = E[X + Y] + T 4 a  ~. + 2rr,.cr.,.o" ~. + o'~ 

< E[X + Y] + r.v/arx2 4-2axO- r + o'~ 

= E [ X  + Y] + T~[(o" x + o" r )' 

= E[X] + T~Y x + ElY] + To',.. 
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4.3 Other Measures of Risk 

It turns out that many common measures of  risk used by actuaries are not coherent. 

Consider the following examples. 

Define the "Value at Risk" or VaR as the smallest loss greater than a predetermined 

percentile of  the loss distribution. This measure is similar to "Probability of  Ruin" 

measures that actuaries have long discussed. 

If our measure o f  risk, p(X), is the 85 th percentile of  the random loss X, we have for the 

scenarios listed in Table 4.2 below: 

o=p(x,)+ p(x~)< p(x, + x2)= I. 

As this example shows, the Value at Risk criterion violates the subadditivity axiom. 

Table 4.2 

Scenario ,~'~ ,t'2 ,¥1 +.t"2 
l 0.00 0.00 0.00 
2 0.00 0.00 0.00 
3 0.00 0.00 0.00 
4 0.00 0.00 0.00 
5 0.00 0.00 0.00 
6 0.00 0.00 0.00 
7 0.00 0.00 0.00 
8 0.00 0.00 0.00 
9 0.00 1.00 1.00 
10 1.00 0.00 1.00 

VaR@85% 0.00 0.00 1.00 
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So far, l have demonstrated that two popular statistical measures on soh,ency standards 

are not coherent. Let me now turn to a more general description of  coherent measures of  

risk. 

4.4 The Representation Theorem 

Let .Odenote a finite set of  scenarios. Let X bc the loss incurred by the insurer under a 

particular business plan. Wc associate each loss with an element of..O. 

The representation theorem [2, Proposition 4.1, and 5, Proposition 2.1], stated here 

without proot, says that a measure of  risk, p, is cohcrent ifaml only if  there cxists a 

family. 7 9, of  probability measurcs defined on .(2 such that 

p( .¥ )  = sup{L"~[x]i~¢ 79}. (4.1) 

One way to construct a family of  probability measures on .(2 is to take a collection 

..4 --- {A } "  of  subsets of.(2 with tile property that 0 A, = .f2. Let ni be the nunlber of  
J-I  

clemcms in A,. Assume that till elements m .(2 tire equally likely. We tben de fne  the 

probability measure, P,, on the elements oJ6 .f2as the conditional probability, given that 

the element is in the set Ai, and 0 otherwise. That is: 

~, (co) = i f c ~  .,1, I 

iJ'¢ae ,4 1 

The authors [3, p. 16] refer to the collection o f  probabi lhy measures, 79, on the set o f  

scenarios as "'generalized scenarios." 
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Let's look at an example. The following table gives a set of  scenarios and associated 

losses. 

Table 4.4 

Scenario X 
1 0 
2 2 
3 2 
4 6 

Let Al = { 1,2} and ,42 = {3,4}. We then calculate the expected values 

Ep, IX] = I and Ep, [X] = 4. 

The associated coherent measure of  risk, pA(X), is then given by 

pa  (X)  = sup{Ep, [X]]i = 1,2} = 4. 

We can similarly construct a second coherent measure of  risk, pt, (X), on the scenarios in 

Table 4.4 with the subsets B, = {i}. In that case we have ps(X) = 6. 

We can impose varying degrees ofconservatism on coherent measures o f  risk by varying 

the choice of  generalized scenarios. 
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4.5 A Proposal for a Measure  of risk 

The paper by Artzncr et. al. finishes with a proposal for a measure o f  risk that actuaries 

should find easy to implement. Let's start with the formal definition of  the Value at Risk 

(FAR). Let 6¢be a selected probability (for example, 99%). Then 

VaR a(x)=inf{ / IPr{X < x } > a }  

As demonstrated in section 4.3, VaR is not a coherent measure of  risk. 

We now define the proposed measure in terms of the VaR. We call this measure the Tail 

Conditional Expectation (TCE) or Tail Value at Risk (TVaR). 

TCEa (X)  =- TVaR,, (X)=- E[XIX >_ VaR, (X)  

The TVaR is linked to a well-known criterion in recent CAS literature for s o l v e n c y - - t h e  

Expected Policyholder Deficit (EPD). See, for example, [I]. EPD(t)is defined as the 

expected loss over a predetermined threshold t. It turns out that 

TailVaR¢, ( X ) = VaR a ( X ) + EPD( VaR,, ( X ) ) 
l -ct  

1 will now demonstrate that the TVaR is coherent under some common conditions. 

For any subset A of.O, let nA be the number of  elements in A. Define the probability 

m e a s u r e  

P~((o) = { ~  i f w ¢  A I 

if (o~ A I 
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Propos i t ion  4.2 

If each clement  of..O is equally likely, then the TVaR is a coherent measure  of  risk. 

P roof  

Let n be the number  o f e l em eu t s  in £2 Denote the various values o f  A 'by 

x t - < x ~ <  < r .  Letkbetheintegerwith O<-k <nsuchthat a~r  k k + l  

" - -  . . . . .  " L n '  n " 

Since Pr{X < .,q ~: } > k + I > a' and Pr.{;t" < x,., } < k < a we have that VaR,-,(X) = x , . , .  
n n 

Let ,A be the family of subsets  o f .Q with exactly n - k  elements.  Define the family of  

measures  /9 = {L}.~,~. By Equation 4.1, p(X)= sup{/:Tp, [X]JA ~ ,4} is a coherent  

measure  of  risk. 

For any scenario, c,,~ .,l, Pr{/¥ = go]co~ ,4}= n I k" 

LetAMa.r be the member  of .A with the n - k  largest elements;  i.e.,{x,.t,x~,2,...,x,}. 

Then 

rw, R° (x )=  E~xlx >_ v,,R,, (x) 
X ~  I "1" .'t'~+ 2 + . . .  4 - . ' f  n 

n - k  
= E,,.. Ix] .  

For a,y other set.4 ~.4, F.p., [.¥J ~ Ep.. [x ] .  

Thus TVaR,, ( X ) =  sup{Ep, [X ] /Ae  A}  and the measure of risk is coherent. 

lit the examples below, we will use the Tail Value at Risk as our measure of risk. We 

will also show the results for the Standard Deviation measure. The Standard Deviation 

measure  satisfies three of  the four coherence axioms. It has the added advantage of  being 

computat ional ly faster. Also, the Tail Value at Risk is a new measure  o f  risk, In my  
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experience, whenever one proposes a new actuarial technique, there are always those who 

want to compare the new with the old - regardless of the justification for the change. 

The Tail Value at Risk does address a common complaint that many actuaries have made 

about the Standard Deviation measure• The complaint is that the Standard Deviation 

measure penalizes the potential for unust, ally good rest, I t s -  up-side risk - - a s  well as 

the potential for unusually bad resuhs - -down-s ide  risk. The Tail Value at Risk is 

sensitive only to down-side risk• 

5 The Cost of Capital 

We will use a measure of risk, p(X), to determine the assets needed to cover tile random 

insured loss, X. Of that amount, p(X), the insurcd's premium supplies the expected value, 

E(..V). The remainder, C(.V) =- p(...V) - E(.V), must come from the investors in the insurance 

company. We call C(.\') the insurer's capital. The insurer places that capital at risk for 

the purpose of covering losses in excess of E(X). 

For the examples in this paper, we will t, sc p(X) = Tl"~rr,()O with a =  99%. Another 

insurer might set its capital by using a 99.5% TVaR level or set it equal to 2 times its 

aggregate standard deviation. The insurer's policyholders might demand different 

standards for those insurers. While such standards are rarely so explicit in the real world, 

the rating agencies clearly have a more subjective version of this kind of standard in 

mind. Note the names they give to their ratings. For example, we have the "13cst's Capital 

Adequacy Rating" and the Standard and Poor's rating of "Clainas Paying Ability." 

In return for placing their capital at risk, investors seek a target (that is. expected.) rate of 

return at least as high as other investments of comparable risk. Exactly how high that 

rate of return is can be a rnatter of considerable debate. We could appeal to a financial 

theory such as the Capital Asset Pricing Model (CAPM). The CAPM tells us that 

investors will demand a higher return if the insurer's tinancial results move with the stock 

market• For example, a property insurer whose principal expost, re is to natural hazards 

might find that its returns are independent of the market. A casualty insurer whose 
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principal exposure is in long-tailed lines, such as workers compensation, may find that its 

returns are highly correlated with other segments of  the stock market. 

The insights of  financial theory, while having an attractive rationale, have been difficult 

to quantify. An insurer might incorporate those insights into a target rate of  return by 

selecting a peer group of  insurers that the company expects to have similar returns and 

are comparably rated by the rating agencies. Such an analysis would subject these 

insights to the reality test of  a benchmark. 

Rightly or wrongly, setting a target rate of  return is a routine exercise done by insurer 

boards of  directors. 

For the examples in this paper, we will use a target rate of  return, denoted by e, equal to 

12%. 

Ultimately, the policyholders must bear the cost of  providing necessary capital through 

the premiums they pay for the insurance. The insurer now faces the question of  

allocating that cost back to a diverse set of  policyholders. One way of  doing this is to 

allocate the capital to groups of  policyholders (called underwriting divisions) within the 

company and compare their expected (dollar) return to their allocated capital. Each 

underwriting division then has the responsibility of  obtaining the insurer's overall rate of  

return on its allocated capital. The underwriting division strives to earn that target 

through its underwriting and pricing activities. 

In allocating capital to an underwriting division, we should convince ourselves that the 

resulting decisions implied by our allocation method make economic sense. By making 

"economic sense" we mean that insuring the policies in a given underwriting division 

does not decrease the insurer's expected rate of  return. 
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Some mathematics will make this argument clearer. Let: 

C =. C(X)  = Capital needed to support X. 

X~ = Random loss for the k'* underwriting division. 

AC~ =- C ( X ) -  C(X - .¥~ ) = Marginal capital for the k 'h underwriting division. 

= Expected profit for the k '~ underwriting division. 

P =  z~o,. 
k 

Proposition 5.1 

Including the insurance policies in underwriting division k increases the overall expected 

rate of  return if and only ffunderwriting division k's expected rate of  return on its 

marginal capital is greater than the insurer's overall rate of  return. 

Proof 

P-AP~ < P  ¢:~ P- AC, < C.AI~ ¢:~ - -  < 
c -  ac~ c c ac, 

Proposition 5. I places a lower bound on an underwriting division's expected profit for it 

to be economically viable with its insurance company. One might expect that it is all 

right to set a profitability target so that each underwriting division's expected return on its 

marginal capital is equal to the insurer's overall return on capital. But alas, life is not so 

simple. Consider the following proposition. 
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Proposition 5.2 

Let an insurer's capital, C, be determined by a subadditive measure of  risk, p. Then: 

AC k < C that is, the sum of the marginal capitals is less than or equal to the original 

capital. 

Proof 

I first offer the proof when there arc two underwriting divisions. 

AC~ + AC: 

= p( . .v ,  + x : )  - E ( x ,  + .~'~) - ( p ( . ¥ : )  - E ( x ~ ) )  + p ( X ,  + x .~)  - E ( x ~  + x . )  - ( p ( X , )  - ~ : ( x , ) )  

= 2 p ( X ,  + X z ) -  E ( X ,  + X : ) -  ( p ( x , )  + p (X: ) )  

_< 2p (X  I + X 2) - E(X~ + X 2 ) - p (  X L + X ,  ) (by subadditivity) 

= p (X ,  + X : )  - E(X~ 4- X . )  

= C  

If there are three uqderwriting divisions, apply the logic in the above proof to (Xt IX2) and 

to Xj. Next use the result from the proofdirectly on (X~+X:) to get the final result for 

three undenvriting divisions. 

Proceed inductively to get the result for 4, 5 .... underwriting divisions. 

Since it is the job of insurers to diversify risk, the ineqt, ality of  Proposition 5.2 should be 

strict. That is, the sum of  the marginal capitals should be strictly less than the total 

capital. That requirement leads us to the following proposition. 
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Proposition 5.3 

I f  the sum o f  the marg ina l  capitals  is less than the total capital ,  and  the insurer  expects  to 

make  a return, e = P/C, then at least some o f  its underwr i t ing  d iv is ions  mus t  have  a return 

on its margina l  capital  grea ter  than e. 

P r o o f  

A s s u m e  tha t  AP~ _ _ 
P 

e for all underwriting divisions, k. Then: 
C 

P LXC A < I" 
t I 

This contradiction meaus that we must have AP k/AC~ > e for at least one k. 

Suppose all insurer has a choice of  continuing its business in one of  two undc~'r i t ing 

divis ionsj  and k. In its analysis of  market prices, the insurer finds that it can expect to 

make profits of  APj and ~ for underwriting divisionsj  and k, respectively. 

Furthermore, it calculates that it must retain ACj and AC~ of  capital for underwriting 

divisionsj  and k, respectively. From a financial point of  view, it makes sense for the 

insurer to favor the underwriting division that has the larger return on marginal capital. 

Over time, each t, ndcrwriting division in the company will come under similar scnltiny, 

with the ultimate result that each underwriting division will expect the same return, d, on 

marginal capital. 

Let A~ be the capital allocated to the underwriting division k. Then: 

I = e and = d. (5.1) 
A, A C~ 

&Cj 
Hence APj = d AC+ = e A+ = eC, and thus e = d j (5.2) 

Y ] J C 
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Substituting Equation 5.1 into Equation 5.2 yields: 

ACj 

.'~, a G  c 

Solving Equation 5.3 for,,la yields: 

C 
,,t~ = AC~ AC~-~-  

1 

J 

We now recap the chain of  reasoning in this section. 

(5.3) 

(5.4) 

1. We started with the assumption that we want to derive an inst, rer's required capital 

from a subadditive measure of risk. A subadditive measure of  risk is desirable 

because it reflects the benefits of  diversification. 

2. The policyholders must ulttmately bear the cost of  providing the insurer's capital. 

How much of  that cost each policyholder must bear becomes an issue. In this paper, 

1 have chosen to allocate the cost to insurer defined underwriting divisions. (In 

principle, the underwriting divisions could bc individual policyholders.) 

3. The method I have chosen to allocate the cost of  capital to the underwriting divisions 

Is to allocate the msurcr 's capital to underwriting divisions and then apply the 

msurer 's selected rate of  return to the allocated capital. (1 chose the capital allocation 

method because it is conventional and not becat, se it is fundamentally necessary.) 

4. Proposition 5.1 limits our choice of capital allocation methods. If we require an 

underwriting division to "'carry its own weight," the capital allocated to .the 

underwriting division can be no less than its marginal capital. 

5 Proposition 5.3 tells us that setting the allocated capital equal to the marginal capital 

will not lead to the insurer's recovering its cost of  capital from the underwriting 

&visions. 
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We make the additional assumption that in the long run, insurers will structure their 

books of  business so that their return on marginal capital is the same for all 

underwriting divisions. That assumption leads to a capital allocation formula, 

Equation 5.4, that amounts to multiplying the marginal capital for each underwriting 

division by a constant factor. 

I should point out that other long run assumptions, such as those made by Game Theory, 

lead to different capital allocation formulas. See Delbaen and Denault [5], and Mango 

[7] for additional details. 

6. Allocating Capital to Support Outstanding Loss Reserves 

The insurer's pledge to pay losses can be a long-term commitment. As time goes on, the 

insurer pays some losses and the uncertainty in future loss payments declines. Therefore 

the insurer can release some of  the original capital allocated to an underwriting division, 

for a given accident year, can be released. 

In the current year, the insurer will have its capital supporting the outstanding losses from 

prior accident years. In this section, we apply the logic described in Section 5 and 

allocate capital to outstanding loss rese~'es. We calculate the reduction in needed capital 

when the outstanding losses are removed from the insurance company, and then allocate 

the capital in proportion to the marginal capital of  each underwriting division and each 

loss reserve. Keep in mind that when establishing target rates of  return for the current 

year, we must consider how much capital the insurer will allocate to the outstanding 

losses in future years. To do that, the insurer needs a plan for its future business. 

Allocation of  capital has been actively discussed in the Casualty Actuarial Society over 

the past several years. The classic "Kenney Rule" was a rule of  thumb for capital 

adequacy. It simply stated that an insurer was adequately capitalized if its premium to 

capital ratio was two to one. Insurers could easily apply such a rule by line of  insurance 

by setting the allocated capital supporting an underwriting division by dividing its 

premium by two. 
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A problem with such an allocation is that it does not recognize variability in the length of 

time, by line of insurance, that insurers must hold capital. Russell Bingham [4] 

recognizes that problem. His solution is to allocate capital in proportion to the rese~,e to 

capital ratio. That allocation is a step in the right direction. One might expect that a larger 

reserve would indicate a larger tincertainty in the reserve, and hence tile insurer should 

allocate more capital to the larger reserve. However, the size of the reserve might not be 

proportional to the risk it contributes to the insurer. Consider the case where the insurer 

knows fbr certain that it will have to pay a fixed anaount A at some time t in the future. 

The insurer sets up a loss reserve for this fixed anaount A but needs no additional capital 

to support it. Conversely, stippose the insurer ",viii have to pay a claim of an uncertain 

amount at time t in the future. Suppose further that the expected payment is equal to A. 

The insurer sets up a loss reserve equal to this expected amount, A, but will have to hold 

additional capital because of the uncertain amount of the claim. If the insurer were to 

allocate capital in proportion to reserves, it would allocate the same amount to each of 

those claim reserves. The approach I have taken in another paper, Meyers [7], is to use 

claim severity distributions that vary by settlement lag. That is a further step in the right 

direction because it recognizes variability in the loss reserve. However, the claim severity 

distributions, derived from claims settled after a given time, do not recognize the 

additional infomaation that may be available at the time of the reserve evaluation. Work 

done by Taylor [9J for the CAS Committee on the Theory of Risk addresses the problem 

of additional knowledge. That approach may move the problems further toward the 

ultimate solution. 

7. Reinsurance  

An insurer can reduce the amount of capital it needs by buying reinsurance. When buying 

reinsurance, the insurer faces a transaction cost (that is, the reinsurance premium less the 

provision for expected loss) that replaces a portion of the capital. Note that the insurer 

does not need to know the reinsurer's pricing assumptions. The insurer can, and perhaps 

should, use its own estimate of the reinsurer's expected loss to back otit the reinsurance 

transaction cost. 
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Taxes play an important role in the transaction costs of reinsurance. The insurer deducts 

reinsurance costs from its taxable income. Capital, whether raised externally or from 

retained earnings, is subject to corporate income tax. Vaughan [ 10] points out that the 

tendency for reinsurance to stabilize insurer income also provides tax advantages. That 

gives reinsurance an advantage as a provider of insurer financing. 

8. The Cost of Financing Insurance 

Ultimately, an insurer must be able to pay its financing costs out of the premiums charged 

to the insurcds and from the returns on invested assets. We now deternfine how much of 

those financing costs should come from premium. The first step is to decide on a target 

return on equity. Typically, an insurer's board of directors makes that decision based on 

considerations described in Section 5. 

Investors provide the capital to the insurer. In return, they expect to receive a cash flow 

reflecting: 

]. Premium income 

2. Payments to reinsurers 

3. Investment income 

4. Loss and expense payments 

5. Income from the capital that is released as liabilities either expire or become 

certain 
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Premium income and payments to reinsurers contain provisions tbr losses and expenses. 

It will simplify matters to remove loss and expense payments from our immediate 

attention by taking expected values and allowing the actual losses in (4) to cancel out the 

expected loss provisions in (1) and (2). That simplification allows us to concentrate on 

the cash flow of insurer capital and the net cost of reinsurance, that is, the cost of 

financing insurance. Investors provide capital to the insurer. After netting out the 

insurer's loss and expense payments the investors receive a cash flow reflecting: 

I. Income from the profit provision in the premium 

2. Payments of the net costs to reinsurers 

3. Investment income from the capital held for uncertain liabilities 

4. Income from the capital that is released as liabilities either expire or become 

certain 

The insurer makes its targeted return on capital ifthc present value of that casb flow, 

evaluated at the targeted return on capital, is equal to the invested capital. If we allow 

that: 

1. The insurer collects the profit provision in the premium immediately. 

2. The insurer makes its reinsurance payments immediately. 

3. The insurer detenmnes its necessary capital at the beginning of the year and holds 

that capital at the end of the year. The insurer then releases capital not needed for 

the next year. The insurer s~multaneously releases investment income on the 

invested capital. 

Then the profit provision necessa~ for the insurer to make its targeted return on equity is 

equal to: 

Capital + Reinsurance Transaction Costs - Present Value of Released Capital. 

To get the profit provision for each underwriting division we need to c~,lculate the 

marginal cost of capital and the transaction costs for reinsurance for: (1) each 

underwriting division; and (2) each outstanding loss reserve. We now examine the 

calculations in some detail. 
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Table 8.1 

Component for Accident Year y Symbol 
Capital investment for current calendar year y+t C(t)  
Note: The insurer needs the capital to cover clatms from 
the current year as well as claims incurred in prior years. 
The capital also covers business projected for accident 
years, up to and including year y~t. 

Capital needed in calendar year y+t if the insurer Ct(t)  
removes underwriting division/accident year k 

Marginal Capital for underwriting ACt( t )  -- C(t)  - Ct(t)  
division/accident year k in calendar year y+t 

Sum of  marginal capitals in calendar year y+t SM(t )  

Capital allocated to underwriting At(t)  = C( t )ACt ( t ) /SM( t )  
division/accident year k for calendar year y+t 

Transaction costs for underwriting division k's Rt(O) 
reinsurance (for current accident year only) 

Profit provision for underwriting division k APt(0) 

Insurer's return on its investments i 

Insurer's target return on capital e 

The capital allocated to a given time period earns interest until the beginning of  the next 

period. At that time, the insurer releases a portion of  the capital either to pay for losses or 

to return to the investors. 

Table 8.2 

Then: 

Financial Support 
Time Allocated at Time t Amoun t  Released at T ime t 

0 At(0) + Rt(0) 0 
1 A t ( l  ) Relk(I ) = At(0)(1+i) - A~ 1 ) 

t At( t )  Relk(t) = A t ( t -  1 )( 1 +i) - At( t )  

~ ( 0 ) = A , ( 0 )  " Re/,(t) ~ k , ( 0 ) .  
,-i (1 + e)' "---.-----' 

Ixte~ C~z  of  
C u t  o~Capl~[ Rcinsu~art¢~ 

Equation 8.1 gives the profit provision for underwriting division k. 

(8.1) 
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I selected co= 99% as the threshold to i:tetemaine the ABC Insurance Company ' s  capital  

using the Tail Value at Risk, I selected T = 2.185 as the mult iple using the Standard 

Deviation measure of  risk. The reason for the odd multiple.  7" is that it wil l  force equali ty 

in the necessary capital  for two examples  g~ven below. The basic loss statistics are given 

in Table 3.1. I applied a covariance generator, b = 0.03, to the non-catastrophe losses. 

Tables  8.3 and 8.4 show the resuhs of  the capital al location calculat ions tbr the Tail  

Value at Risk ( ' rVaR) measure and the Standard Deviation measure of  risk respectively.  

(Note that for the Standard Deviation measure of  risk, the al location percentages arc the 

same no matter what mult ipl ier  is used. So 1 omitted the mult ipl ier  in the calculations.)  

Note that we allocate capttal to outstanding losses from prior years. In future years, we 

will  need to al locate capital  to outstanding losses from the current year. And we must 

fund the cost o f  that capital  from the current year ' s  premiums. The capital  al located to 

ot, ts tanding losses in future years will. in part, depend t, pon future writings. To keep it 

s imple (and to save paper) I assumed Ihat future writ ings are the same as past writings. 

"[able 8.3 

C a p i t a l  Al loca t ion  Ca lcu l a t i on  for Tai l  Value  at  R i sk  

Calendar Year 2002 
I.ine & AY 

GL-1998 
GL-1999 
GL-2000 
GL-2001 
GL-2002 
PL-1998 
PL-1999 
PL-2000 
PL-2001 
PL-2002 

Auto-2000 
Auto-20Ol 
Auto-2002 
Prop-2002 
Cat-2002 

Combined/Total 

EIOS Lossl VaRIOS Lossl "I'VaRIOS Lossl Marginal TVaR % Allocated 
,~,/o Line & AY w/o Line & AY w/o Line & AY Capital Capital 
475,000.000 720.000,512 773.855,722 206.015 0.118°/0 
467,000,000 71 1.998.997 764.994.608 1,067,129 0.610% 
452,000.000 697,000.933 7,18,373.602 2,688.136 1.537% 
432.000.000 677,000,063 726.214.789 4.846.948 2.771°./, 
407.000.000 651.999,362 698.687.861 7,373.876 4.216% 
472,000.000 716,999,867 770.515.19(1 546.547 0 312% 
462.000.000 706,999,494 759.373,602 1 . 6 8 8 . 1 3 6  0.965% 
447,000,000 691,999,076 742,630,697 3,431.041 1.962% 
427,000.000 671,999,821 720.525,337 5,536,401 3 165% 
407,000,000 652,000,766 698.381,454 7.680.283 4.391°/;, 
467,000.000 712,000.685 765.021.207 1,040.530 0.595% 
442,000,000 687,000.559 737,398,147 3,663.590 2 095% 
407.000.000 652,000,474 698.804,347 7.257,390 4 149% 
442,000,000 687,000.812 737.354.017 3.707.720 2 120% 
472,000.000 639,672,796 646.894.524 124.167.213 70.993% 
477,000,000 7Z 1,999,255 776,061.737 174.9110.954 100.000% 
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At this point, it will be helpful to connect the equations in Table 8.1 with the numbers in 

Table 8.3. Here arc some illustrated calculations. 

• Calendar year),= 2002 

• Capital needed for calendar year 2002 = C(0) = 776,061,737 - 477,000,000 = 

299,061,737. 

• Capital needed in calendar year 2002 if we remove (k =) GL underwriting 

division/accident year 2002 = C~(0) = 698,687,861 - 407,000,000 = 291,687,861. 

• Marginal capital for (k =) GL underwriting division/accident year 2002 is AC~0) = 

299,061,737 - 291,687,861 = 7,373,876. 

• The sum of the marginal capitals, SM(O), is equal to 174,900,954. 

• The percentage of capital allocated to (k =) GL underwriting division/accident year 

2002 is ACk(O)/SlvI(O) = 4.216%. 

• At the beginning of calendar year 2002, ABC has unpaid losses from accident year 

2001. Following the procedure outlined above, we calculate that the percentage of 

capital allocated to (k =) GL underwriting division/accident year 2001 = 2.771%. 

• Since we are assuming that future writings are the same as past writings, we have 

that for (k=) GL underwriting division/accident year 2002, ~Ck(I)/SM(1) is also 

equal to 2.771%. IfABC planned to change future writings, we would need an 

accident year 2003 version of Table 8.3. 
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Table 8.4 gives  the underwri t ing divis ion/accident  year al locations for the Standard 

Deviat ion measure of  risk. 

Table 8.4 

Capital  Allocat ion Calculat ion for Standard Deviat ion Measure of  Risk 

Calendar Year 2002 EIOS Lossl StdlOS Loss] Marginal % Allocated 
Line & AY w/o Line & AY w/o lane & AY StdlOS i,ossl Capital 
GL-1998 475,000,000 89,571,750 316,618 0.387% 
GL- 1 9 9 9  467,000,000 8 8 , 2 9 7 , 1 2 1  1,591,247 1.947% 
GL-2000 452,000,000 85,915,067 3.973,301 4.862% 
GL-2001 432,000,000 82,760,946 7,127,422 8.721% 
GL-2002 407,000,000 78 ,907 ,221  10,981,147 13.436% 
PL-1998 472,000,000 89.088,446 799,922 0.979% 
PL-1999 462,000,000 87.479,134 2,409,235 2.948% 
PL-2000 447,000,000 85,067,393 4,820,976 5.899% 
PL-2001  427,000,000 81,933,929 7,954,439 9 733% 
PL-2002 407,000,000 78,817,625 11,070,744 13 546% 

Auto-2000 467,000,000 88,304,587 1,583o782 1.938% 
Auto-2001 442,000,000 84,364,647 5,523,722 6.759% 
Auto-2002 407,0<30,000 78,942,392 10 ,945 ,976  13.393% 
Prop-2002 442,000,000 84,351,933 5,536,435 6.774% 
Cat-2002 472,000,000 82,794,437 7°093,932 8.680% 

Combined/Total 477,000,000 89,888,369 81,728,899 100.000% 

Perhaps the more str iking comparison between the measures of  risk is in the capital  

al located to the catastrophe underwri t ing division. 

We now continue the calculat ions described in Table 8. I and 8.2. 
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Table 8.5 

Needed Tail Value at Risk Allocated Capital at the 
Begilming of Each Calendar Year for Accident Year 2002 

Line\Cal Year 2002 2003 2004 2005 2006 
General Liability 12,608,532 8,287,757 4,596,421 1,824,675 352,263 
Products Liability 13.132,455 9,466,647 5,866,709 2,886,530 934,536 
Auto 12,409.354 6,264,344 1,779,193 0 0 
Property 6,339.801 0 0 0 0 
Catastrophe 212,312.521 0 0 0 0 
Other OS Losses 42,259,075 275,042,989 286,819,413 294,350,533 297,774,938 
TVaR Capital  299,061,737 299,061,737 299,061,737 299,061,737 299,061.737 

We continue the illustrative calculations. 

• The capital allocated to (k=) GL underwriting division/accident year 2002, At(O), is 

equal to the total capital for calendar year 2002, (299,061,737), times the 

corresponding allocation percentage from Table 8.3, (4.216%) and is equal to 

12,608,532. 

* The capital allocated to (h~) GL underwriting division/accident year 2002, At(l), is 

equal to the total capital for calendar year 2003, (299,061,737), times the 

corresponding allocation percentage from Table 8.3, (2.771%) and is equal to 

8,287,757. 

• Other OS Losses refers to outstanding losses from other accident years. 

Table 8.6 gives the capital allocations for the Standard Deviation Measure of  risk. 

Table 8.6 

Needed Standard Deviation Allocated Capital at the 
Beginning of Each Calendar Year for Accident Year 2002 

Line\Cal Year '2002 2003 2004 2005 2006 
General Liability 26,387,924 17,127,344 9,547,925 3,823.801 760,840 
Products Liability 26,603,226 19,114.682 11,584,905 5.789,442 1,922,229 
Auto 26,303,408 13,273,618 3,805,861 0 0 
Property 13,304,169 0 0 0 0 
Catastrophe 17,046,865 0 0 0 0 
Other OS Losses 86,750,647 146,880,595 171,457,548 186,782,997 193,713,170 
Std Dev Capital 196,396,239 196,396,239 196,396,239 196,396,239 196,396.239 

The total capital for the Standard Deviation measure of risk, 196,396,239, is given by 

the standard deviation, 89,888,369, (from Table 8.4) times our selected multiplier, 

2.185. 

255 



The next step is to calculate how much capital the insurer can release at the end of each 

year. 

For each underwriting division, the insurer: 

1. Receives allocated capital (Tables 8.5 and 8.6) 

2. Earns interest on that capital (here assumed to be 6%) 

3. Releases capital not needed for the next year 

Tables 8.7 and 8.8 give the results of those calculations. 

Table 8.7 

Schedule for Releasing Tail Value at Risk Capital at the 
End of Each Calendar Year tbr Accident Year 2002 

Line\Cal Year 2002 2003 2004 2005 2006 
General I,iability 5,077,287 4,188,601 3,047,532 1,581,892 373,399 
Products Liability 4,453,755 4,167,937 3,332,182 2,125,185 990,609 
Auto 6,889.571 4,861,011 1,885,945 0 0 
Property 6,720.189 0 0 0 0 
Catastrophe 225,051,272 0 0 0 0 

Here is a sample calculation: 

The amount of capital released for General Liability at the end of 2002 is equal to 

12,608,532 times 1.06 minus 8,287,757 = 5,077,287. 

Table 8.8 

Schedule for Releasing Standard Deviation Capital at the 
End of Each Calendar Year for Accident Year 2002 

Line\Cal Year 2002 2003 2004 2005 2006 
General Liability 10,843,856 8,607,029 6,29%000 3,292,388 806,491 
Products Liability 9,084,738 8,676,658 6,490,557 4.214,579 2,(137,563 
Auto 14,607,994 10,264,174 4,03,1,213 0 0 
Property 14,102,419 0 0 0 0 
Catastrophe 18,069.676 0 0 0 0 

Now that we have calculated the schedule for releasing capital, we can then apply 

Equation 8.1 to calculate the cost of capital (that is, profit) that must be supplied by the 

policyholders. We set e = 12.00%. Here are the results: 
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Table 8.9 

Cost of  Capital by Underwriting Division 

TVaR Capital Sld Dev Capital 
General Liability 1 ,349 ,742  2,812,338 
Products Liability 1 ,548,761 3,120,415 
Auto 1,040,404 2,206,546 
Properly 339,632 712,723 
Catastrophe I 1,373,885 913,225 
Total 15,652,425 9,765,247 

Note the relative size of  the catastrophe cost of  capital in the two measure of  risks. 

9. The Cost of Financing Insurance When Using Reinsurance 

Wc have seen that, the effect of  reinsurance is to replace part of  the cost o f  capital with 

the net cost of  reinsurance. In this section, we will apply the equations in Tables 8.1 and 

8.2 to the ABC Insurance Company when it purchases catastrophe insurance covering 

losses in excess of  $50 million. 

Insurers deduct the cost of  reinsurance, including the reinsurer's expenses and profit, 

from taxable income. The net cost of  the reinsurance is then equal to: 

Expected Reinsurance Recoveryx(ELRl -1  x ( l - T a x  Rate), 

where ELR is the reinsurer's expected loss ratio. 1 set the tax rate equal to 35"/0. 

As in the last section, we now calculate the total cost of  financing ABC's  insurance 

portfolio tbr the two measures of  risk. The following tables, corresponding to the tables 

in Section 8, show the calculations with catastrophe reinsurance. 
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Table 9.1 

Capital Allocation Calculation for Tail Value at Risk with Catastrophe Reinsurance 

Calendar Year 2002 E[OS Lossl VaR[OS Loss I TVaRIOS Lossl Marginal TVaR % Allocated 
Line & AY w/o Line & AY w/n Line & AY w/n Line & AY Capital Capital 
GL-1998 471,000,000 639,782,921 651,919,381 622,782 0.386% 
GL-1999 463,000,000 629.143,638 641,288,266 3,253,897 2.015% 
GL-2000 448,000,000 609,167,042 621,332,646 8.209,517 5.083% 
GL-2001 428,000,000 582,538,754 594,738.644 14,803.519 9.166% 
GL-2002 403,000,000 549,931,480 562,138.364 22,403,799 13.872% 
PL-1998 468,000,000 635,724,080 647,866,024 1,676,139 1.038% 
PL-1999 458,000,000 622,167,113 634,332,646 5,209,517 3.226% 
PL-2000 443,000,000 601,704,202 613,925,904 10,616,259 6.573% 
PL-2001 423,000.000 575,284,274 587.535,781 17,006,382 10.530% 
PL-2002 403,000,000 548,708,303 561,006,009 23,536,154 14.573% 

Auto-2000 463,0~)0.000 629,247,167 641,388,772 3,153,392 1.952% 
Auto-2001 438,000,000 596,263,226 608,424,852 1 I,I 17,31 I 6.883% 
Auto-2002 403,000,000 550,393,465 562,573,065 21,969.098 13.602% 
Prop-2002 438,000,000 596,089,957 608,259.153 11,283,010 6.986% 
Cat-2002 472,000,000 639,672,796 646,894,524 6.647,640 4.116% 

Combined/Total 473,000,000 642,406,295 654,542,163 16t,508,417 100.000% 

Table 9.2 

Capital Allocation Calculation for Standard Deviation with Catastrophe Reinsurance 

Calendar Year 2002 E[OS Loss] StdlOS Loss] Marginal % Allocated 
Line & AY w/o Line & AY w/o Line & AY StdlOS Lossl Capital 
GL-1998 471,000,000 82,747,196 342,628 0.419% 
GL-1999 463,000,000 81,365,727 1,724,096 2.110% 
GL-2000 448,000,000 78,774,354 4,315,470 5.281% 
GL-2001 428,000,000 75,321,804 7,768,019 9.505*/0 
GL-2002 403,000.000 71,065,812 12,024.012 14.713% 
PL-1998 468,000,000 82,223,788 866,036 1.060% 
PL-1999 458,000,000 80,477.319 2,612,505 3.197% 
PL-2000 443,000,00~ 77,848,965 5,240,859 6.413% 
PL-2001 423,000,000 74,412.155 8,677,669 10.618% 
PL-2002 403,000,000 70,966,316 12,123,508 14.835% 

Auto-2000 463,000,000 81,373,829 1,715,995 2.100% 
Auto-2001 438,000,000 77,080,436 6,009,388 7.353% 
Auto-2002 403,000,000 71.104,861 11,984,962 14.665% 
Prop-2002 438,000,000 77,066,521 6,023,303 7.370% 
Cat-2002 472,000.000 82,794.437 295,387 0.361% 

Combined/Total 473,000,000 83,089,824 81,723,836 100.000% 
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Table 9.3 
Needed Tail Value at Risk Allocated Capital with Catastrophe Reinsurance 

at the Beginning of Each Calendar Year for Accident Year 2002 

Line\Cal Year 2002 2003 2004 2005 2006 
General I.labiUty 25,182,800 16,639.770 9,227,838 3.657,516 700,033 
Products Liability 26.455.614 19.I 15,879 I 1,933.116 5.855.714 1,884,050 
Auto 24.694.178 12,496.319 3,544,543 0 0 
Property 12,682,572 0 0 0 0 
Catastrophe 7,472,223 0 0 0 0 
Other OS Losses 85.054,777 133.290,195 156,836.667 172.028,934 178,958,080 
TVaR Capital 181,542.163 181,542,163 181.542,163 181,542,163 181,542,163 

Table 9.4 
Needed Standard Deviation Allocated Capital with Catastrophe Reinsurance 

at the Beginning of  Each Calendar Year for Accident Year 2002 

Line\Cal Year 2002 2003 2004 2005 2006 
General I.lability 26,710,263 17,255,957 9,586,429 3,829,925 761,117 
Products Liabilily 26.931.284 19.276,662 I 1,642,098 5,803,446 1,923.82 I 
Auto 26,623,518 13,349.315 3,811,929 0 0 
Property 13,380,227 0 0 0 0 
Catastrophe 656,175 0 0 0 0 
Other OS Losses 87,240.698 131,660.229 156,501.708 171.908,793 178,857.226 
Std Dev Capital 181.542.1631 181,542.163 181,542.163 181,542.163 181,542.163 

Table 9.5 
Schedule for Releasing Tail Value at Risk Capital with Catastrophe Reinsurance 

at the End of Each Calendar Year for Accident Year 2002 

Line\Cal Year 2002 2003 2004 2005 2006 
General Liability 10,053,998 8,410,318 6,123,993 3,176,933 742,035 
Products Liability 8,927,071 8,329,716 6,793,389 4,323,006 1,997,093 
Auto 13,679,509 9,701,556 3,757,216 0 0 
Property 13,443,526 0 0 0 0 
Catastrophe 7,920,556 0 0 0 0 

Table 9.6 
Schedule for Releasing Standard Deviation Capital with Catastrophe Reinsurance 

at the End of Each Calendar Year for Accident Year 2002 

Llne\Cal Year 2002 2003 2004 2005 2006 
General Liability I 1,056.921 8.704,886 6.331.690 3,298,604 806.784 
Products Liability 9,270.499 8.791,164 6,537.178 4,227,832 2.039,250 
Auto 14.871,613 10.338.345 4,040.644 0 0 
Property 14,183,040 0 0 0 0 
Catastrophe 695.545 0 0 0 0 

i The Standard Deviation Capital Multiplier of 2.185 was selected so that the capital required for the TVaR 
capital is equal to the standard deviation capital for the catastrophe reinsurance case. 
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Table 9.7 

The Cost of Financing Insurance with Catastrophe Reinsurance 

Tail Value at Risk Capital Standard Deviation Capital 
Cost of Net Cost of Cost of Cost of Net Cost of Cost of 
Capital Reinsurance Financing Capital Reinsurance Financing 

General Liability 2,702,376 0 2,702.376 2,837,645 0 2,837,645 
Products Liability 3,128,662 0 3,128,662 3,148,768 0 3,148.768 
Auto 2,071,998 0 2,071,998 2,227,575 0 2,227,575 
Property 679,423 0 679,423 716,798 0 716,798 
Catastrophe 400,298 2,600,000 3,000.298 35,152 2,600,000 2,635,152 
Total 8,982,757 2,600,000 I 1,582,757 8,965,938 2,600,000 I 1,565,938 

Compare Table 9.7 with Table 8.9. Note that the cost of financing insurance for ABC 

decreases with the reinsurance when we measure risk by the Tail Value at Risk, while it 

increases with this reinsurance when we measure risk by the standard deviation. 

Now, anyone familiar with real-world catastrophe reinsurance knows that the price of  

catastrophe reinsurance can vary widely from time to time. When prices go down, 

insurers buy more reinsurance, and when prices go up they buy less. That behavior is 

consistent with this model of ABC Insurance Company. Consider the following tables, 

where we calculate.the level of reinsurance that minimizes the cost of financing 

insurance. 

Table 9.8 
Optimal Level of Reinsurance when Risk is Measured by the Tail Value at Risk 

Reinsurance Optimal Cost of 
ELR Cat Limit Financing 
50.00% 40,976,282 I 1,572,039 
60.00% 29,012,942 10.639,167 
70.00% 21,219,679 9,943,190 
80.00% 14,660,548 9,404,707 
90.00% 8,136,819 8,974,210 

Table 9.9 
Optimal Level of Reinsurance when Risk is Measured by the Standard Deviation 

Reinsurance Optimal Cost of 
EI,R Cat Limit Financing 
50.00% No Limit 9,765,247 
60.00% No Limit 9,765,247 
70.00% 212,024,801 9,748,414 
80.00% 119,610,539 9,551,183 
90.00% 52,467,114 9,254,743 
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Ahhough the two measures of risk both indicate, qualitatively, observed reinsurance 

purchasing behavior, tile quantitative results are quite different. The Tail Value at Risk 

indicates a greater use of  catastrophe reinsurance - for ABC Insurance Company. My 

own sense of the reinsurance market leads me to hypothesize that the Tail Value at Risk 

will provide a better explanation of reinsurance market behavior. Research could test my 

hypothesis by applying this methodology to real insurers and seeing to what extent 

insurers follow the indicated behavior. 

10. Target Combined Ratios 

All that remains is to express our results in terms of target combined ratios for the ABC 

Insurance Company. To do that, we need to make the following additional expense 

assumptions. 

Table I 0.1 

Underwriting Expense Factors 

ULAE Other Expense 
Underwriting % of Loss % of Premium 
Division 
General Liability 10.00% 30.00% 
Product Liability 10.00% 30.00% 
Aulo 7.00% 30.00% 
Property 7.00% 30.00% 
Catastrophe 7.00% 30.00% 

We also need the actuarial present value (APV) of the losses for each of  the underwriting 

divisions. 

Table 10.2 

Expected APV 
Undcrwrlling Division Loss of Loss 
General Liabililty 70,000,000 63,637,69 I 
Products Liability 70,000,000 62,720.330 
Auto 70,000,000 65,547,100 
Properly 35,000,000 33,995,005 
Catastrophe 5,000,000 4,856.429 
Total 250,000,000 230,756,556 
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l derived the following target combined ratios using the expense factors from Table 10.1 

and the cost of financing insurance from the Tail Value at Risk part of Table 9.7. 

Target Combined Ratios for Tail 

Table 10.3 

Value at Risk with Catastrophe Reinsurance 

General Products 
Llabilily I.iabili~' Auto Properly Catastrophe 

EJLoss] 70,000,000 70,000,000 70,000,000 35,000,000 5,000.000 
APV[I.ossl 63,637,691 62,720,330 65,547,100 33,995,005 4,856,429 
LILAE% 10.00% 10.00% 7.00% 7.00% 7.00% 
ULAE 7,0~,000 7,00~,000 4,900,0~0 2,450,000 350,000 
APV of LAE 6,363,769 6,272,033 4,588,297 2,379,650 339,950 
Other Expense% 30.00% 30.00% 30.00% 30.00% 30.00% 
Other Expense 31,158,787 30,909,01 I 30,946,026 15,880,320 3,512,862 
Cost of Financing 2,702,376 3,128,662 2,071,998 679 , 423  3.000,298 
Cost of Financing% 2.60% 3.04% 2.01% 1.28% 25.62% 
Premium 103,862,622 103,030,037 103,153,422 52,934,399 11,709,539 
Target Comb Ratio 104.14% 104 .74% 102.61% 100.75% 75.69% 
Overall Comb Ratio 102.51% 

Lest we forget - in Section 3, I stressed the importance of correlation. Recall that we 

generated correlations in the noncatastrophe underwriting divisions using random fl's 

with variance b = 0.03. Changing b = 0.03 to b = 0.01 reduces the overall needed capital 

from 181,542,163 to 119,199,30 I. The following table gives the corresponding changes 

in the target combined ratios. 

Table 10.4 

Target Combined Ratios for 
Tail Value at Risk with Catastrophe Reinsurance and b = 0.01 

General Products 
Liability Liability Auto Properly Catastrophe 

E|LGss{ 70,000,000 70,000,000 70,0(X},000 35,000,000 5,000,000 
APV[Lossl 63,637,691 62,720,330 65,547.100 33,995.005 4,856.429 
ULA E% 10.00% I 0.00% 7.00% 7.00% 7.00% 
ULAE 7,000,000 7,000,000 4,900,000 2,450,000 350,000 
APV of LAE 6,363,769 6,272,033 4,588,297 2,379,650 339,950 
Other Expense% 30.00% 30.00% 30.00% 30.00% 30.00% 
Other Expense 30,731,258 30,433,530 30,610,823 15,772,387 3,542,252 
Cost of Financing 1,704,808 2.019,207 1,289,858 4 2 7 , 5 8 2  3,068,875 
Cost of Financing% I 66% 1.99% 1.26% 0.81% 25.99% 
Premium 102,437,525 101,445,101 102,036,078 52,574,625 I 1,807.507 
Target Comb Ratio 105.17% 105 90% 103.41% 101.23% 75.31% 
Overall Comb Ratio 103.37% 
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1 I. C o n c l u d i n g  Rema rks  

In constructing the example for ABC Insurance Company, I made two important 

simplifications that were not mentioned above. First, I did not consider asset risk. And 

second, I minimized the effort in the selection of solvency thresholds. 

In our exercise, ABC assets earned a fixed rate of  interest of  6%. I fABC invested in 

higher-yielding assets with variable returns, the company would have to have more 

assets, and hence more capital. That observation suggests a need to allocate capital 

between the underwriting and investment operations. I suggest making such an 

allocation by first calculating how much capital the company requires with fixed-rate 

investments, and then calculating how much capital the company requires with the actual 

investments. The difference between the two will yield the marginal capital for the 

investment operation. 

The most influential determinants of  insurer capital are the state regulators and the rating 

agencies. To take a first crack at determining a solvency threshold, we could determine 

appropriate capital by consulting regulators and rating agencies. We would then back the 

threshold out of  that capital. 

If we were to do the exercise on several insurers, we should then be able to reach a 

consensus on the appropriate threshold. 
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Reserve Estimates Using Bootstrapped Statutory Loss 
Information 

by 
Wil l iam C. Scheel I 

Abstract 
The reserving methodology described in this paper produces min imum sufficiency levels 
for reserves that are risk adjusted both for uncertainty in claims payments  and uncertainty 
in investments.  The min imum sufficiency level is derived from measurements  of  
correlation and other statistical properties of link ratios. These statistics are found using 
bootstrap methods. Because the approach relies on bootstrap methods, there is no 
explicit measurement  of either process or parameter risk that ordinarily appears in 
dynamic financial analysis. 

Introduct ion 
The information in a property/casualty loss triangle is highly aggregated; individual 
claims information is lost during the summation processes both for accident and calendar 
periods. Ordinarily, bootstrap methods would be applied to raw claims information 
rather than to an aggregation such as the toss triangles found in Schedule P of the annual 
statement. However, published information about individual claims experience for 
companies is non-existent. 

The paper describes how bootstrap methods can be applied to public loss information to 
produce range estimates for future losses." This reserving methodology could use any of 
the popular reserving methods appearing in the literature. However, the focus of the 
paper is primarily on the use of  bootstrapping to obtain adjustments both for uncertainty 
in claims payments  and uncertainty in investments. The choice among the plethora of 
reserving methods was kept as simple as possible to illustrate more important principles. 
The chain ladder reserving method was used. The methods used in this paper are strictly 
mechanical; no actuarial judgment  arises. 

A correlation matrix for all lines of business evolves from the method of bootstrapping. 
Other statistics are derived during the same bootstrap process that produces estimates of  
correlation factors. The reserves that are estimated have adjustment for the correlation 
among lines of  business, claims payments  uncertainty and investment uncertainty. This 

t William C. Scheel, Ph.D., is President of DFA Technologies, LLC This paper was submitted in rcsp(mse 
to the 2001 Call for Papers, Dynamic Financial Analysis, A Case Study. A companion paper entitled 
"Valuing An Insurance Enterprise" also was submitted. The author gratefully acknowledges the insight of 
both William J. Blatcher and Gerald S. Kirschner in slx~ttmg several of the author's errors during the 
unfolding of this paper. 
z The data used m this paper were provided to authors participating in the 2001 DFA Seminar Call Papers 
contest held by the Casualty Actuarial Society. They include statutory Schedule P mlbrmatlon for a 
hypothetical insurance company. 
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differs from conventional mono-line reserving approaches that often do not adjust for 
either source of uncertainty except by actuarial judgment.  

The paper also introduces a new approach for reserve valuation that is tightly coupled to 
optimization methods applied to investment portfolios. It is difficult to separate where 
reserving leaves off and dynamic financial analysis (DFA) begins; in this regard they are 
inseparable. 

Valuation Steps 
There are six steps in the first phase of the reserving method: 

I. Perform a bootstrap of link ratios for ultimate loss. Loss development factors 
neither were directly measured nor bootstrapped. Both the unfolding of ultimate 
loss and its relationship to paid loss were chosen as the bootstrap objects. The 
ultimate loss triangle contains potentially useful information not found in the paid 
loss t r iangle-- i t  includes actuarial judgment.  

2. Use bootstrapped ultimate link ratios to derive statistics including correlation 
coefficients, means and standard errors. Track the proportion of loss payments  to 
ultimate loss as part of the bootstrap sampling of ultimate loss links. 

3. Use the correlation matrices and statistics obtained in step 2 and simulate future 
ultimate development period links for each line of business using multinormal 
methods. 

4. Apply the simulated ultimate link ratios to the latest loss triangle diagonal. The 
ultimate losses for the forecast period are obtained. 

5. Perform a second-stage simulation using the probability distribution of paid-to- 
ultimate ratios (also derived as part of  the bootstrap process in step 1). 3 T h e  
probability distribution for these ratios is a by-product of  the ultimate link 
bootstrapping. The paid/ultimate ratios were tracked (and bootstrapped) during 
the bootstrap of the ultimate loss triangle. Each line of business  has a probability 
distribution of these paid/ultimate ratios. It is used to simulate a payment  
proportion for the simulated ultimate losses. Forward period cash flows for each 
scenario in step 3 are obtained. 

6. Use the cash flows determined in step 5 to calculate annuity-equivalent  values for 
future loss cash flow. Do this at each forward calendar period. There is an 
annuity-equivalent valuation at each point in time that includes future estimated 
losses from that point in time onward. Repeat this step for each scenario. This 
produces a distribution of annuity-equivalent values or present values of  future 
losses. These annuity distributions are discounted reserves. The discount rate is 
conservative. It could be zero. 

The probability distribution of the paid/ultimate loss ratio is a conditional one. The ratio was measured 
conditional on the bootstrapped ultimate link. Recall that the ultimate link ratios were bootstrapped. Each 
bootstrap sample involved resampling among accident periods. This was done independently for each 
development perit~ link. The profile of resampled accident peric, ds used for this ultimate link ratio 
bootstrapping was also used in connection with the payments triangle to calculate the ratio of paid to 
ultimate. There was a direct matching of accident periods for the paid and ultimate triangles in this 
process. 
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O n e  m i g h t  s top  here.  T h e  d i s t r ibu t ion  o f  the presen t  va lue  o f  fu ture  pa id  losses  p rov tdes  

n e c e s s a r y  i n f o r m a t i o n  for  a r e se rve  r a n g e  in w h i c h  u n c e r t a i n t y  in loss p a y m e n t  is 
r e cogn ized .  4 T h e  d i s t r ibu t ion  cou ld  be used  to ob ta in  ex an te  e s t ima te s  o f  r ese rves  for  

fu ture  f iscal  pe r iods .  5 

But ,  a s e c o n d  p h a s e  that  ex t ends  the m e a s u r e m e n t  o f  u n c e r t a i n t y  is usefu l ,  so  w e  will not  
s top  wi th  jus t  the  u n c e r t a i n t y  in c l a i m s p a y m e n t s .  T h e  d i s t r ibu t ion  o b t a i n e d  in s tep  6 

ref lec ts  on ly  this  sou rce  o f  unce r t a in ty . "  T h e  s e c o n d  phase  a t t empt s  to ad jus t  the reserve  

levels  for  u n c e r t a i n t y  in asset  a c c u m u l a t i o n s  needed  to back  them.  T h i s  s e c o n d a r y  
ana lys i s  seeks  the s u f f i c i e n c y  level  fo r  reserves .  

Sufficiency Levels 
C h a n c e - c o n s t r a i n e d  r anges  c a n  be set on the presen t  va lue  o f  fu tu re  loss p a y m e n t s  u s ing  

the resul t s  o f  S tep  6. M a n a g e r i a l  j u d g m e n t  c o u l d  be  used  to c h o o s e  a pe rcen t i l e  o f  this  

d i s t r ibu t ion .  B e c a u s e  the  pe rcen t i l e  is a s a m p l e  e s t ima te ,  a c o n s e r v a t i v e  a p p r o a c h  w o u l d  
pick the u p p e r  c o n f i d e n c e  level for  the percent i le .  Th i s  c h o i c e  is ca l l ed  the minimum 
sufficiency target. T h e  p resen t  va lue  o f  fu ture  p a y m e n t s  ( d i s c o u n t e d  re se rves )  is 

n o m i n a l l y  suf f ic ien t  1o p a y  c l a ims  a m o u n t s  wi th in  de f ined  levels  o f  c o n f i d e n c e  a n d  
s a m p l i n g  error .  Th i s  resul t  is a target ,  not the ac tua l  m i n i m u m  s u f f i c i e n c y  level b e c a u s e  

the t a rge t  is r isk ad jus t ed  only for  u n c e r t a i n t y  in c l a i m s  p a y m e n t s .  T h e  t a rge t  has  a 

spec i f i ed  p r o b a b i l i t y  o f  su f f i c i ency ;  but  on ly  to the ex ten t  o f  the a m o u n t  o f  the l iabi l i ty  

fo r  c l a i m s  p a y m e n t .  T h e  ta rge t  is cond i t i ona l  on  n o  r isk in i n v e s t m e n t  re turns .  7 

T h e  m i n i m u m  s u f f i c i e n c y  ta rge t  for  pe r iod  t i nc ludes  c l a i m s  pa id  in pe r iod  t a n d  

s u b s e q u e n t  d e v e l o p m e n t  pe r iods ,  t + l ,  t+2,  .... T h e  ta rge t  is a hu rd l e  ra te  e x p r e s s e d  as an 
8 e n d - o f - p e r i o d  va lue .  W e r e  asse t s  at t ime  t to equa l  the m i n i m u m  s u f f i c i e n c y  ta rge t ,  the 

4 The distribution of the present value of future paid tosses can be used to answer questions such as "'What 
is the range in values within a 90 percent confidence band'?" or "What is the loss level with a probability of 
no more than 0.05 of being exceeded (0.95 percentile)'?" These and other chance-constrained questions 
concerning loss reserves can be answered using this distribution. 
5 The valuations for future peri(xts do not include future business. There are many extensions of thls 
reserving approach that can be done with DIZA methods. One important extension is to include new 
business development. Others include separation anaong various sources of loss, such as all~cated and 
unalkx:ated loss adjustment, uncertainty in both frequency and severily of loss and the eflects of 
reinsurance on loss transfer. 
a It is not the intent of thts paper to engage in a discussion of what uncertainties should properly be 
reflected in toss reserves. Suffice it to note that it stitl Is a regulatory fifiture when an insurer set its reserves 
adequately m the sense that reserves for future claims payments were deemed t(~ have a 95 percent chance 
of covering payments: but, unlbrtunately, the insurer's assets dwindled to insufficient levels. Pcllicyholders 
or stockholders end up taking the fall anyway. When the original liability was established, it reflected 
uncertainty only in the magnitude of payments, not uncertainty m the ability to meet those payments h is a 
m(×)t issue both to the policyholder and to tile stockholder whether insolvency occurred because the insurer 
cannot pay either an expected or unexpected loss payment. 
7 The minimum sufficleney target still has investment risk; st), it is a target. The target is )lot tmmunized 
because it involves discount assumptions. However, as a practical matter tt mighl have been dlseounted at 
a riskless or near riskless rate and also be an immunized target sufficiency level. 
s It is assumed that payments are end-of-peri~xl amounts |k>r the purpf~se of this analysis. 
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liability would be covered at the indicated confidence level. Suppose that the distribution 
of required assets at time t were known. This target distribution could be discounted to 
get the distribution of beginning-of-period required assets. The discounted distribution is 
the premium dtstnbution for a single prct-nlum deferred annuity. A confidence level 
associated with this asset distribution is referred to as the minimum sufficiency confidence 
level. 

The mininmn~ sufficiency levcl of  assets funds future claims payments  within specified 
levels of confidence. Both the min imum sufficiency level and targets are percentiles of 
probability distributions, 'j 

Determination of Sufficiency Levels 
The future clairns are expressed as a present value using a conservative rate of  discount. 
The mini tnum sufficiency target is an amount  derived from this distribution of present 
values. Simulated link ralios lead to forecast-period cash flow estimation, :rod these cash 
f l o w s  arc the source  of the present  va lue  deter rn ina l~ons,  i °  

Determination of Link-Ratio Correlation Matrices 
The period-to-period changes in estimated ultimate loss were bootstrapped in a special 
way so that a l ine-of-business correhttion matrix could be obtained for each link ratio. A 
bootstrap sample of developed claims is drawn. This  is done from the set of  accident 
periods that can be used for the t th development factor. 

Table 1: Feasible Region for Bootstrap Sarnpling of .'t Link Ratio 
the shaded area can be used for bootstrapping of the [ink for the 36-48 month 

development period. A bootstrap sample involves drawing wtth replacement from this 
region to create "t pair of  columns in which the rows are randornly sampled many times 
with replacement from the original set. The sampling scheme that unfolds Ibi" one line of 
business is used for the other lines too. For example if the rows in the region were 
numbered { 1,2,3 ..... 7}. a sampling scheme for the 36-48 month link could be 
{ 1,1,3,5,7,4,4} The corresponding column pairs from each line of business would be 
used and from them a link factor for the 36-48 development period for each line would be 
calcukited This technique of bootstrapping in a synchronous fashion from a multivariate 
sample space is reviewed in Scheel, ct al 12000] and Laster [1998]. 

The derivation of the other development period links is done independently. For 
example, the bootstrap sample lbr the 72-84 month development period might use a 

{4 . . . . .  I }. Table 1: Feasible Region for Bootstrap sampling scheme of accident periods ", 9 
Sampling of a Link Ratio 
illustrates this sampling scheme. But, other lines of  business also would have thts same 

replacement sampling for dctcrroining their 72-84 month link for this bootstrap sample. 

q Because Ihe percentiles have sarnplillg error, the sufliclency a[l]()l,llltS are reall.v conl]dence lirnils on the 
percenlile. Resf~Cllvely. lhcy arc the lower and upper confidence limits for the. rnininlum sufficiency and 
target sufficiency percenllles. 
10 Slalutc, ry discount:,; might be at zero rates of  illterest. 
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Each development period link is an independent sample, and there is no scaling problem 
associated with exposure volumes in the various accident periods. 

This sampling method is repeated many times to obtain many values for each calendar 
period link ratio within the sample space. The entire set of bootstrap samples can be used 
to derive statistics for the ratios. All of the link ratios for different calendar periods can 
be obtained by using the available accident periods for each transition link within the loss 
triangle, t~ 

The bootstrap samplcs for different lines of business can be used to calculate all of the 
needed statistics for links. They also can be used to calculate line-of-business correlation 
coefficients for the links. Standard errors for these various statistics can be computed 
using bootstrap methods. 

Correlations among lines of business are measured using the experimental sample space. 
In this case, the bootstrap samples being drawn in a synchronous fashion for all lines of 
business is that sample space. From a computational standpoint there is a great deal of 
housekeeping required, but the methods for obtaining a correlation matrix and estimates 
of the mean and standard deviation for a link are straightforward, t2 

~t Links for calendar periods 8 and 9 are not obtained from b~~tstrap sampling because of the sparse 
number of usable accident periods. Links for these periods are based on the actual loss triangle information 
and not bo~tstrap samples of it. The links for any forecast periods beyond 9 use actual linkg. The bootstrap 
~mphng uses a decreasing number of accident years when calculating linkb link2 ...... link7 for the 
transition in ultimate loss estimates. 
~2 Calculations and simulations for'this study were done using Microg~ft Excel 2000. Multivariate normal 
simulations were performed with Excel 2000 and a DLL written with Compaq Visual Fortran Version 6.5. 
The multinormal simulation relies on a Cholesky factorization ofthe eovarianee matrix. See Rubinstein 
[ 1981 ] for a discussion of the multinormal simulation methods. Non-linear optimization was done with 
Frontline Systems Premium Solver Plus version 3.5. an add-in for Excel. 

270  



....O 

Table 1: Feasible Region for Bootstrap Sampling of a Link Ratio 
12 24 36 48 60 72 84 96 108 120 

1990 92,906 123.086 121,828 121,312 120.960 120,788 120,667 120,986 120,907 120,685 

1991 126,731 130,026 127.583 126,730 125,640 127,269 126.636 126.266 125.893 

1992 157,558 159,071 158,104 159,525 157,525 157.873 157,124 156,249 

1993 163,692 163.139 161,354 161.677 160,495 160.421 159,270 

1994 167,469 164.228 163.903 163,628 161,827 159,595 

1995 230,837 229.624 227,953 226,813 226,454 

1996 202,686 201.266 202.338 200,922 

1997 259,065 260.110 256,783 

1998 222,746 221,905 

1999 268,705 

Table 2: Example of Port ions of a Bootstrap Sample  in Shaded Regions 

12 24 36 48 60 72 84 96 
1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

108 120 

92,906 123,086 121.828 121,312 120,960 160,421 159.270 120.986 120.907 120,685 

126,731 130,026 121,828 121,312 125.640 127,269 126,636 126.266 125,893 

157.558 159.071 158,104 159,525 157.525 127,269 126,636 156.249 

163,692 163,139 163,903 163,628 160.495 -'120.786 120.667 

167.469 164,228 202,338 200,922 161.827 159.595 

230,837 229.624 161,354 161,677 226,454 

202,686 201,266 181,354 161,677 

259,065 260,110 256,783 

222,746 221.905 

268.705 

The 36-48 month link for the bootstrap sample m the shaded region of Table 2 is 0.99941. The 72-84 month link is .99547. Although these are members of the same bootstrap 
sample, the links for a development period are independent replacement sampling processes. The ratio of paid loss to ultimale loss for ally development period also can be 
calculated for this same bootstrapped sample. It would use the same set of accident periods, but payment reformation for them is found in the payments triangle. 



The correlation matrix for one of the development period links is shown in "Fable I : 
Statistics for Link). This table also includes general statistics for the paid-to-ultimate loss 
ratio. This ratio is developed during the bootstrap process along with the ultimate link 
factors. The distribution of the paid/ultimate ratio is used during a second-stage 
simulation to provide the ti'ansition from t, ltimatc to paid loss. The second stage 
produces payment pattern variation; whereas, the first simulation stage works with the 
ultimate link ratios. During a second stage simulation a paid/ultimate ratio is determined 
and simulated cash flow is obtained for paid loss. This simulation methodology is 
discussed in detail later in the paper 

Simulation Using Link Ratios 
Links were simulated and applied to the most recent diagonal of the ultimate loss triangle 
to obtain forecast period ultimate losses. The means, standard deviations and correlation 
matrices used for the simulation are shown in Table 1: Statistics for Linkl. The links 
among lines of business were assumed to be multivariate normal with no serial 
correlation. Each simulation of a link was done independent of other link simulations; all 
were multivariate normal simulations, t3 

Each simulalion had 3,000 trials so that a sample of 3,000 cash flows over a forecast 
period of 10 years was available tbr calculating the present value distributions used in 
subsequent analysis. 

t3 See Rubmstein [19811 for a discussion ¢~f how the mult*variate normal sHnulation is done. The algorithm 
used in this study is the IMSL fortran subroutine DRNMVN. 
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Table 1: Statistics for Link, 

t,O 
,,,,j 
L ~  

PPA 
CAL 
WC 
CMP 
Spcl_Liab 
OL_OCC 
Reins_A 
Relns_B 
Reins_C 
Property ShortTail 

Home PPA 
0.0089 

-0.0031 -0.0028 
-0.0075 -0.0067 0.0016 
0.0119 0.0104 -0.0026 -0.0103 

-0.0157 -0.0147 0.0108 0.0072 -0.0146 
-0.0212 -0.0187 0.0049 0.0179 °0.0269 
-0.0539 -0.0454 0.0172 0.0369 -0.0583 
-0.0047 -0.0132 0.0103 0.0059 -0.0043 
0 0000 0.0000 0.0000 0.0000 0.0000 
0.0026 0.0023 -0.0006 -0.0020 0.0031 

Line of Business Correlation Matrix 
CAL WC CMI ~ _S_pcl_Llab OL_OCC Relns_A Relns_B Relns_C 

0.0244 
0.0684 O. 1 O30 

-0.0670 0.0354 0.0052 
0.0000 0.0000 0.0000 0.0000 

-0.0027 -0.0050 -0.0146 -0.0042 0.000( 

Line of Business 

Home 
PPA 
CAL 
WC 
CMP 
Spcl_Liab 
OL_OCC 
Relns_A 
Reins B 
Reins C 
Property_ShortTail 

Ul_ti _mate Link1 

Expected Standard I 
Value Deviation! 

1,0353 0.0795 
0.9935 0.0713 
0.9715 0.0475 
0.9585 0.0784 
1.0177 0.1014 
1.1854 0.3476 
0.8596 0.19211 
0.9823 0.3608 
1.4092 0.5176, 
1.2188 o.oooo 
1.0_0._4.0 0.0270~ 

Paid/Ultimate Ratio1 
Expected I Standard 

Valt~e___t Deviation 
0.88221 0.015,,+ 
0.5829 0.0431 
0.4263~ 0.0376 
0.43451 0.0337 
0.5408J 0.023," 
0.7764 0.0877 
0.21741 0.058~ 

m 

0.54911 0.199 £ 
m 0.786~ 0.047,1 

0.54611 0.2491 
0.98611 0.007~ 



Paid Loss Distr ibutions 
The variation in speed of payments is a source of uncertainty. Both this uncertainty and 
uncertainty in ultimate loss must be reflected in cash flow simulations during the forecast 
period. The distribution of the ratio of paid-to-ultimate also is by-product of the 
bootstrapping methods. Just as each bootstrap sample produces a link ratio for a 
development period, the same bootstrap sample develops the ratio of paid to ultimate. 
The ratio uses the same bootstrap sample accident periods as the ultimate link except that 
the same sampled accident periods are extracted from the paid loss triangle. The 
numerator of the paid/ultimate ratio is found m the bootstrapped accident periods of the 
paid triangle; the denominator is found in the ultimate triangle. The average of the ratios 
is used as that bootstrap sample's paid/ultimate ratio. The result of all bootstraps is the 
source of the conditional probability distribution of paid loss. The conditional operator 
here applies to paid loss given the ultimate loss linkage for the development period. 

Payment Pattern Simulation 
The ultimate-to-paid transition for cash flow determination occurs in a two-stage 
simulation. The first stage produces the ultimate link factors for all calendar period 
transitions. The second stage simulation produces a payment pattern in the form of 
paid/ultimate. 

Each line of business has a set of bootstrap samples that represent a set of payment 
patterns in the form of paid/ultimate ratios. Once the change in ultimate loss estimates is 
determined from the first-stage simulation, a payment pattern is chosen during the second 
stage. In other words, the bootstrap samples of payment patterns are the source for a 
second stage simulation. 

This second-stage simulation adjusts paid losses both for uncertainty in ultimate loss and 
for uncertainty in the speed of claims payments. The effect is simulation of a payment 
pattern associated with each ultimate loss level derived in the first-stage simulation. 
Finally, the cash flows for present value analysis can be assembled from the forecasted 
diagonals of the simulated paid loss triangle. 

Discounting Simulated Paid Loss 
Statistics for these present values are shown in Table 2: Statistics for Discounted Paid 
Losses. The 0.9 percentile of the distributions in this table are the minimum sufficiency 
targets used in subsequent optimizations. For example, the minimum sufficiency target 
at the end of period 1 would be $1,798,921. The minimum sufficiency target secularly 
declines, dropping to $484,940 by period 5 and $47,013 by period 10. As previously 
noted, all cash flows for losses were assumed to have occurred at the end of the period. 

The distributions are risk adjusted only for uncertainty in the ultimate loss and variation 
in the speed of payments. Nevertheless, these results provide ranges for reserve 
estimation. Conventional reserve practice, both statutory and generally accepted 
accounting, is to use a point estimate of future paid losses as the basis for liability 
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determination. The values shown in Table 2: Statistics for Discounted Paid Losses 
provide ranges and other chance-constrained values of what might be considered the 
conventional GAAP estimates. ~4 

14 A five-percent disct,unl rate was used Ior present-value calculations of the paid loss cash flo~.~,'s. 
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Table 2: Statistics for Discounted Paid Losses 
All Lines 

Statistics Table Period 1 
Mean 1,798,921 
Standard Deviation 91,557 
Median 1,798,343 
5 percentile 1,649,169 
10 percentile 1,682,185 
25 percentile 1,737,040 
?5 percentile 1,860,955 
90 percentile 1,913,87~ 
~5 percentile 1 _,9_48_,_887 

Period 2 Period 3 Period 4 Period 5 
1,282,87~ 896,766 650,35;  484,940 

55,18~ 3 7 , 4 0 5  2 1 , 5 2 (  12,388 
1,281,361 895,937 649,76( 484,449 
1,195,01~ 837,174 615,60= 465,394 
1.214,54( 850,383 623,49;  469,507 
1,244,79( 870,057 634,64~ 476,207 
1,319,75z 920,838 664,331 492.981 
1,352,20~ 944,923 678,1~ 500,876 
1,374,69( 960,082 686,301 506.422 

Period 6 
369,54~ 

8,818 
369,120 
355,541 
358,660 
363,456 
375,434 
38~72~ 
384.138 

Period 7 Period 8 Period 9 Period 10 
278,479 199,570 124,023 47,013 

6,451 4.571 2,833 845 
278,192 199,447 123,920 46.980 
268,231 192,349 119,508 45.660 
270,411 193,797 120.432 45,956 
274.039 196,427 122.083 46,435 
282,777 202,531 125.786 47,557 
286,849 205,513 127,761 48,135 

- I  

289,258~ 207,396 128,8_9_9 48.491 



Treatment of Incomplete Information 
Some of the lines of  business had incomplete Schedule P information. Some lines had 
either a few accident periods or accident periods with few or no losses. Only lines of  
business with at least fifty percent of  completed ultimate and payments  cells were used. ~5 

In a few cases, the information provided was i nva l i d iu l t ima te  loss for some cells of the 
ultimate triangle did equal the sum of paid losses and reserves. Ad hoc methods were 
used in the cleansing of these few imbalanced cells. In general, the ultimate figures were 
taken to be valid and the paid loss was adjusted with reference to experience in near-by 
calendar periods. It is not likely that these adjustments had a material impact on the 
results. 

Optimization 
The distribution of present-valued chtims payments  was used to define target sufficiency 
levels. There is no risk adjustment in these levels for uncertainty in asset growth. We 
now turn to the interesting question of how such uncertainty might be recognized in the 
determination of reserves. 

Reflecting Investment Uncertainty in Reserves 
The distribution of present values for end-of-period valuations for future claims provides 
the means for assigning fair value to such claims given a conservative growth in 
investments backing them. The target sufficiency level constitutes a type of financial 
immunization. Because the target sufficiency is reckoned at a risk-free rate, the company 
could bank this level of assets and be assured of claims payment with the level of 
confidence used to determine the targets. Because there is little or no interest rate risk in 
the target sufficiency, the liability could be comrnuted; it is an actuarially fair value 
within defined confidence limits of the loss modeling mechanism. L6 

It remains for investment risk to be similarly bounded so that sufficient funds will exist at 
this target sufficiency level. The sought-for objective is an asset level at beginning-of- 
period that will grow to the required target with confidence. The main purpose of this 
study is not to eschew a particular asset modeling methodology. Any model can be used 
provided it can generate investment scenarios. This study uses prior work that derives 

*s The treatment of  immature lines of  business suffers from the problems plaguing any study using non- 
parametric methods. These approaches, including bootstrapping, rely on Ihe availability of  underlying data. 
Parametric procedures under these limitations also have a hard time determining appropriate choices for 
probability distributions or their parameters. 

Another approach to handling this problem of  unavailable or missing data would be to substttute "pure- 
play" data available from other companies or reference sources. These data would serve as proxies for the 
mmsing information and would have to be adjusted to the exposure volumes in existence for lines of 
business where such proxy data were deployed. 
16 The sufficxency target is the reinsurance pure prcmitnn for risk transfer at a level of  confidence defined in 
Ihe analysis. It includes risk margins for variulion in loss payments, but n',) allowance for volatility in 
investment of  those premiums from the discount rate of  five-percent. 
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estimates of  a covariance matrix for a mixture of  assets [Scheel, et al, 2000]. The 
description of this database appears in Appendix A: Review of Data Sources. Other 
asset scenario models, which are based on time-dependEnt functions such as multi-factor 
models with mean reversion, could have been used. The approach described in this paper 
would remain unchanged even if another method of asset scenario generation had been 
deployed. 

Investment returns were simulated using a bootstrapped estimation of the covariance 
matrix and expected values using monthly returns data for the 20-year period I/1/1980- 
12/31/99. Muhinormal stmulation rncthods were used in the simulation; they were 
identical to the ones used for sirnulating calcndar period links. Annualized rates of  
return were generated from the monthly data by assuming no serial correlation and 
compounding simulated monthly returns. Various statistics relating to this simulation 
appear in Table 3: Statistics for Simulated Asset Scenarios. This table shows investment 
performance for ten annual periods used in the study. 
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Table  3: Stat ist ics for  S i m u l a t e d  A s s e t  

Annuallzed Return EAFEU-IiNTLUHD S&P5 
Expected Value 0.1647 0.0958 0.149, = 
;tandard Deviation 0.180~ 0.0814 0.162, = 

0.25 Percentile 0.037, = 0.0383 0.033( 
0.50 Percentile 0.1557 0.0958 0.139,: 
0.75 Percentile 0.276~ 0.1479~ 0.255," 

; cenar ios  

USTB R_MID HIYLD CONV LBCORP LBGVT LBMBS 
0.0659 0.165 ¢. 0 ,101E 0,1181 0.094( 0,0917 0,096z 
0.0084 0.178/ 0.090,~ 0.1124 0.085 ¢ , 0.0592 0.058; 
0.0605 0.039; 0.039~ 0.0408 0.035Z 0.0509 0.0553 
0.065~ 0.1512 0 .096E 0.1116 0.09~ 0.0892 0.0953 
0.0714 0.2828 0.1611 i 0.1932 0.148; 0.1317 0.1353 

,,.j 
ko 

Correlation Matrix for Proxy Assets 
1.0000 0.4240( 0.4124 -0.0297 0.3891 0.2689{ 0.3975 0.1823J 0.183E 0.1150 EAFEU 

INTLUHD 0.424C 
S&P5 0.4124 
USTB -0.0297 
R_MID , 0.3891 
HIYLD 0.2689 
CONV 0.3975 
LBCORP 0.1823 
LBGVT I 0.1836 
LBMBS I 0.1156 

]• 0.4124 83E, 0.1150 
1.0000( 0.0075 0.0232 -0.0102 0.1407~ -0.0253, 0.2748, 0.3301, 0.2578 
O.O07E 1.0000 -0.062,~ 0.9435 0.461~ 0.9313 0.3204 0.237,~, 0.2477 
0.023~ -0.0624 1.000£ -0.0276 0.0130~ -0.0918, 0.1791, 0.262;, 0.2317 

-0.010~,, 0.9435 -0.027E 1.0000 0.5063] 0.9465, 0.3156, 0.232E, 0.2549 
0.1407 0.4616 0.013(:  0.5063 1.000131 0.5214, 0.6655, 0.524~, 0.5248 

-0.025,:'. 0.9313 -0.091E 0.9465 0.5214] 1.000£, 0.3314, 0.240 £, 0.2500 
0.274E 0.3204 0.17911 0.3156 0.66551 0.3314, 1.0000, 0.9041, 0.8112 
0.3301 0.2374 0.262-;  0.2328 0.5243~ 0.240 E, 0.9041, 1.000£, 0.8424 
0.257E 0.2477 0.231 ;i 0.2549 0.5248] 0.250£ 0.8112 0.842,~ 1.0000 

Legend: EAFEU international equities; INTLHDG international fixed income; S&P5 large cap domestic equities; USTB cash; RMID 
mid-cap domestic equities, HIYLD high yield debt, CONV convertible securities, LBCORP corporate bonds, LBGOVT government 
bonds, LBMBS mortgage backed securities. Additional reformation about the proxy assets is in Appendix A: Review of Data 
Sources. 



Table  3 i l lustrates  the s tat is t ical  propert ies  of the annua l ized  asset  scenar ios  for jus t  one 
of the annual  per iods in the analysis .  However ,  because  each annual  pe r iod ' s  asset  
scenar ios  were independen t ly  ca lcu la ted  from the sarne mul t inormal  d is t r ibut ion  of  
returns,  the s tat is t ical  proper t ies  for other  per iods were app rox ima te ly  the same.  A smal l  
sample  of  some of the inves tment  scenar ios  appears  in Append ix  B: Example  of Asset  
Scenar ios  for an Annual  Period. 

Optimization Methods 
Non- l inear  op t imiza t ion  was used. The op t imize r  posi ts  trial solut ion set of  we igh t s  for 
the inves tments .  All  of the s imula ted  inves tmenl  scenar ios  were we igh ted  with this 
inves tment  profile,  and a por t fol io  return was  ca lcu la ted  for each scenario.  The result  is a 
d is t r ibut ion of  portfol io  returns for a period. The por t fol io  return for each scenar io  is a 
d iscount  rate that can bc used to de te rmine  beg inn ing-of -per iod  s t t f f ic iency requirements .  

The m i n i m u m  suff icient  :~sset level (beginning-of -per iod)  can be ca lcu la ted  us ing the 
portfol io  d iscount  rate apphed  to the (end-of-per iod)  target  suf f ic iency  level. When  this 
is done for each inves tment  scenario,  a d is t r ibut ion of  m i n i m u m  suf f ic iency  levels  is 
obtained.  That  d is t r ibut ion then is used to choose  a chance-cons t ra ined  m i m m u m  
suff ic ient  level.  It is a reserve that is r i sk-adjusted both for uncer ta in ty  in c l a im  payments  
and in inves tment  return. 

The  m i n i m u m  suff ic iency level  (beginning-of -per iod)  is re turned to the op t imize r  as the 
objec t ive  value.  The  non- l inear  op t imize r  cont inues  to posit  different  inves tmen t  we igh t s  
until  a m i n i m u m  for this ob jec t ive  value is found. Sttch an op t imized  min imurn  is the 
r isk-adjus ted reserve be ing  sought.  

Optimization Constraints 
The op t imize r  was  g iven  a s tandard set of feasibi l i ty  cons t ra in ts  for inves tments :  all 
componen t  asset we igh t s  were  cons t ra ined  to lie be tween 0 and 1 and the we igh l s  must  
add to 1. No short  sales were a l lowed.  

Optimization Objective Function Calculation 
The op t imiza t ion  objec t ive  function was  the present  value of  the target  su f f ic iency  level. 
It was  m i n i m i z e d  by the opt imizer .  The objec t ive  value was ca lcu la ted  for each trial 
solut ion of the op t imize r  us ing a separate  instance of  Excel.  ~7 

=7 The computational method used to derive the objective function values involved use of a separate 
instance of Excel as a COM object for the Excel instance running Solver. Although these are programming 
issues, they are important to the study and warrant some explanation. When the optimizer supplies the 
workLxx~k with a trial solution for the portfolio weights, it recalculates the workbook. "l'hls recalculation is 
supposed It) produce a value tot the objective functic~n cell. 

The goal cell contained a cell function, a call to an Excel macro that must be within the same workbook as 
Solver. This macro has restrictions on what it can do with the workbt×~k cells whde it is executed during a 
recalculation of the workbook. The macro t)nly can read sections of the workbook, it cannot modify the 
contents of any cell during its execution. It only can return a value to the cell from whtch the macro was 
called. Although this limits what might be done while Solver executes, COM objects running in separate 
processes provide exceptional flexibdity that ~rdinarily would be missing were just the solver workbook to 
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Reserves 
The  m i n i m u m  su f f i c i ency  reserve  levels  for  e ach  pe r iod  are  s h o w n  in T a b l e  4: S ta t i s t ics  
for  Rese rve  M i n i m u m  S u f f i c i e n c y  Leve ls  a n d  O p t i m a l  I nves tmen t  Por t fo l ios .  T h e  

reserve  level is " ' M i n i m u m  B e g i n n i n g  o f  Pe r i od"  vahtes .  It ts the a m o u n t ,  w h i c h  wi th  
c o n f i d e n c e  .9, will g r o w  to the " 'Requ i red  E n d - o f - P e r i o d "  v a l u e i t h e  t a rge t  level fo r  

su f f i c i ency .  T h e  we igh t s  for  c o m p o n e n t s  o f  the o p t i m i z e d  p r o x y  por t fo l io  a l so  a p p e a r  in 
the table.  S ta t i s t ics  for  the e n d - o f - p e r i o d  por t fo l io  va lues  are s h o w n .  

Fo r  e x a m p l e ,  an  asset  level o f  $ 1 ,591 ,549  at the b e g i n n i n g  o f  pe r iod  1 is the nomina l  

a m o u n t  needed  to p rov ide  for  p a y m e n t s  o f  c l a ims  in this pe r iod  a n d  fund  the p resen t  

va lue  o f  all fu ture  c l a ims  in per iods  2, 3 ..... T h e  ta rge t  level dec l ines  as the m a g n i t u d e  o f  
future  c l a i m s  p a y m e n t s  d w i n d l e s  ove r  t imc.  For  e x a m p l e ,  by  pe r iod  5, the t a rge t  

s u f f i c i e n c y  has  dec l ined  to $ 2 9 6 , 1 4 9 ,  and  b y  per iod  9 it d r o p s  to $37 ,711 .  

T h e r e  is a .  1 p robab i l i t y  o f  assets  not  g r o w i n g  to the t a rge t  s u f f i c i e n c y  level,  t8 Fur ther ,  

that  ta rge t  level has  a .2 p robab i l i t y  o f  be ing  inadequa te  for  c l a i m s  p a y m e n t  b e c a u s e  it 

be used. The calculation of the objective value given the weights, lbr example, is cornplex. However, it 
can be easily done in its own instance of Excel. "l'h2s instance is being controlled by the macro of the 
workbo~k running .,a.~lver. 

The objective cell macro uses, as an argument, tile reference to the cell range containing the weights being 
suggested by the optlrnizcr for the current trial solution. The fact that an argument was used in the macro 
call is extremely important...il assures that the macro function will not be executed until after the optimizer 
has written the trial solution weights IO the referenced cell area Because the macro can read cells within 
the Solver workbook, the macro can copy the weights into the separate instance of Excel. Previously. that 
instance was also provided the sufficiency target, rates of return for simulated asset scenarios and other 
information about confidence levels. The .separate instance is recalculated and the results are available to 
the macro for return to the objective function cell. 

The separate instance if Excel has all of the information it needs to perform its own calculation. This 
calculation is driven by the Solver macro after it has done the necessary setup in the separate instance. The 
investment returns for all scenarios contained m the separate workbook are weighted by the trial solution 
set of weights. The recalculation of this instance develops the distribution of present values for the 
sufficiency target. Finally. the upper confidence limit for the percentile of that distribution is calculated. 
The percentile is binomially distributed. With adequate numbers of investment scenarios, the upper 
confidence limits for the percentile can be calculated using normal apprc~ximatn'~n methods. The 2,500 
investment scenarios used in this calculation were mc, re than adequate for a normal approximation. 

To summarize, the Solver goal cell is recalculated along wnh other cells in the workbook during a trial 
solution. The weights are passed through the macro to a separate inslance eft Excel. The separate instance 
is recalculated by the macro to produce the answer that is returned to the goal cell. Solver does not know 
that a separate computational environment was used to derive the complex goal calculation. 

Of course, this calculation is repeated many times as the optimizer tests trial combinations of the weights. 
Furthermore. it is done for each period in the analysis. ]'his trick of using a separate instance of Excel and 
COM techniques is useful for deriving complex calculaltons associated with optimizer objective function 
calculations. It is essential when these calculations require multiple workbook recalculation or involve 
their own macros that may be diffcuh to otherwise order correctly within the cell recaleulatnon hierarchy 
used by E, xcel during a workbook recalculation. 
in The probability tff inadequacy is actually more conservative because the stated percentile of the 
distributton was adjusted for sampling error in measuring that stated percentile. So, the minimum 
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was based on the sufficiency payment targ.ct set at a confidence level of .8. Higher 
confidence levels could have been used both for the payments and investments. 

Release of Capital in Reserves 
The assets, before payment of claims, were expected to grow from $1,591,549 to 
$1,770,939 given the optimized portfolio weights shown in the table. This expected 
value for asset growth is higher than the target minimum sufficiency level of $1,683,785. 
The chance-constrained level imposes a higher standard than expected value; there only 
can be a .  I probability of the growth being inadequate, which was the confidence level 
chosen for objective function valuation. The buih-in margins in the reserve are a source 
of expected capital release as the reserves are released. 

A higher volume of initial assets is required to assure the confidence levels sought.l') As 
a result, the higher initial reserve level that must be maintained is expected to grow to be 
more than is required. Of course, it may not grow at the expected rate, but the 
optimization sets a higher confidence level so that the reserve will be sufficient both with 
respect to claims and investment experience (asset growth confidence is 0.9). There is an 
expectation of a favorable release of the contingency margins, both claims and 
investment, in this reserving method. 

A Ioc:tl optimum is shown for the minimum reserve in the first row of Table 4: Statistics 
for Reserve Minimum Sufficiency Levels and Optirual Investment Portfolios. Other 
weights of assets produce different local optima. In general, the other local optima are 
similar. The variations are discussed in detail in the section "Variation among l.,ocal 
Minima". 

Investment Portfolio Rebalancing 
Table 4: Statistics for Reserve Minimum Sufficiency Levels and Optimal Investment 
Portfolios shows the changes that would occur were portfolio rebalancing to track the 
changes in the optimal portfolios each period. It will be noted at a later point in the paper 
that the result shown in the table is a local optimum. Other solutions of the non-hnear 
optimizer produce different optimum values. A high volatility in portfolio composition 
could be found among optimizer solutions to what amounts to the same problem. Many 
different portfolios could lead to approximately the same optimized solution; the local 
optima, although clustered, were constructed from rather different portfolio compositions. 

This makes generalizations about changes in portfolio composition over time very 
difficult to make. Even the rank order of asset weights was highly volatile. In general, 
higher risk investments give way to lower risk ones such as U.S. Treasiary bills and debt. 

sufficiency level was an empirical observation s~)mewhal lower than the observed . l percentile of the 
distribution. A similar conservative adjustment was made in the choice of the empirically determined 
target suffictency level. Both adjustments to the stated percentdes were done because of samphng error in 
measuring them. 
19 There are two confidence levels: ( I ) that the investments will grow to a target sufficiency level, and (2"1 
that the target sufficiency level will be adequate to fund future claims assuming only a risk-free level of 
return thereafter. 
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The Sharpe ratio, which is measure of risk-adjusted return, also reflects a rebalancing 
scheme that tends to move from higher risk to lower risk. 

An intuitive explanation for this rebalancing scheme is that the portfolio cannot be placed 
at risk during later periods when losses have less chance of being recouped. Higher risk 
in the early periods, however, may be an acceptable tradeoff both because there is a 
longer period to recover early investment losses and because the higher expected returns 
assist in meeting the higher demands for cash flow at early stages of  claims development. 
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Table  4: Stat ist ics for  R e s e r v e  M i n i m u m  Suf f i c iency  Levels  and  Opt ima l  I n v e s t m e n t  Por t fo l ios  
, P, , ,od ~ ,  P e , ~  2 P~,od 3 I P~,od 4 I P~,od 5 i P~,,od ~ ', P~,od 7 I P~,od ~ ', Pe ,od 9 ', P~,od ~0 

~lln Suff iciency Level ~ 1,591,54~ 1,064,34~ 680,513~ 445,91. c 
Flequlred EOP target assets i 1,683,78~ 1,128,67; 722,708~ 471,93 z 

EAFEIJt .067 r .07." .1461 .20~ 
INTLUHB _ .189 .. . . . . . .  033~ - i i j6~ 

S&P5-- .163 .02." ~-0~- .14; 
USTE .067 .46. ~ .(~--3]-- .16; 

R am t .o5c, . o 9 7 ~ . o 8 . "  
I'I/YLI: i .122~ .148~ .O02J 
CON~ i .036~ .055~ .1311 

LBCORF; .03~ .068 ~ .023~ .03; 
LBGV'I i .1231 .011] .325~ .11( 
LBMB~ .151, .1~7i .08~ .01' 

Expected Return 11,770,93£'11,162,53~ 759,1511 
Standard Deviation [ 105,18E 1 40,0511 44.33~ 
{:).1 Percentile i 1,635r35711,112,691i 704,42(~ 
{).2 Percentile i 1,683,8021 1,128,682~ 722,71~ 
{).25 Percentile i 1,699,14C11,135,36~, 729,44~ 
0.5 Percentile i 1,767,09711,160,294 756,70; 
0.75  Percentile i 1,842,84E~ 1,189,563~ 787,47~ 
0.8 Percentile = 1,859,232, 1,197,558 795,86; 
0.9 Percentile 1,908,09111T215,841 816,40; 
Shame ratio .712J .697 .75 ¢ . 

445,919~ 296,149~ 198,432~ 129,60(~ 78977' 37711' L]' 
' t ' . t £ i  

934~ 313,6111 210,181] 137,041 83,43£ I 39,879j I 
.208J .00~ .1441 .011 .0631 .0151 I 
.19~ .16Fq .134,_..__ .15~ .21_61 .036j i 

. . . . . .  .085-~ . 0 3 9  _ .147] ..(~6~, .o .08, 
.16_7]_ .341 .141 .19.( .0 .559 

~ . 0 8 3 .  r--- .6~'_,__ .04c, .02: .~ ~ ~', o23 _ _  
.004~ . . . . . . .  .¢ .012 .179 .09~ . 1 5 9  
m03~ . 0 6 1 " ~  10611 104~''" " 1003 
.03  .04,, .03  .02  .10+=', . . . . . .  :+!- ', 
.11~ .09E, .205~ . I0"~ .04E[ . . . . . .  11-,~ " , 
o111 .~7~., .15ai .154,. .1% ._o~-~ , 

499,6721 323,783] 219,9011 142,558~ 87,86"~= 40,88~ i 
33,730! 11,65fq l l ,31E I 6,51:~ 5,284 1,17E~ 1 

457,192~ 308,82~j 205,66~= 134,405~ 81r043 39,420~-- i 
471,996~ 313,61;.7 210,18~= 137,05~ 83,44~= 39,88~ = 
47806~ 315,443 L 211,864, 138,06~ 84,29E 40,06~ 
498,949 323,60E/ 219,67~q 142,282 i 87,78." 40,827' L 
520,928 331,52~ 227,45Ej 146,86~ 91,33E 41,673 L 
526,399 333,689. 229,32;q 148,179, 92,29.= I 41,89-~ L 
542,054 338,8311 234,15Ej 151,193~ 94,72E= 42,41£ 

.727 .68& .74( .682[ .69~ .58£ 

37,71 I' t 



Effect of Using Line-of-Business Correlated Links 
The bootstrap method used in this study produced a correlation matrix for each link 
factor. The correlations were small and very often insignificant. This can be seen in the 
correlation matrix for one of the links shown in Table 1: Statistics for Link~. However, 
the measured correlations were more often positive than negative. For example, 
Spcl_Liab and OL_OCC have positive correlation with Reins A exceeding 0.07. In 
general, small positive correlations were found for many other lines and for other 
development periods. It is reasonable to characterize the ultimate links for lines of 
business in this study as being generally uncorrelated, but occasionally having isolated 
pockets of positively correlated loss among certain lines. 

The experimental results were recast so that line-of-business independence was assumed. 
The same expected values and variances were used, but the muhinormal link ratios were 
simulated with a zero correlations among the lines. The minimum sufficiency levels 
were calculated using the same investment scenarios. So, the only difference in treatment 
was the removal of the generally slight positive correlation. The results appear in Table 
5: Effects of Removal of By-Line Correlation. This table should be compared with 
Table 4: Statistics for Reserve Minimum Sufficiency Levels and Optimal Investment 
Portfolios. 
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Table 5: Effects of Removal of By-Line Correlation 

~lln Sufficiency Level 1,586,858t 1,0_67,46~ 
:lequlred EOP target assets 1,680r03111,129,561 r 

EAFEI. .02~ .226~ 
INTLUHD .13~ .124~ 

o12 t 15~ t 
mO0~ mO0~ 
.1,=2 t .o87] 
.004~ .073J 
.072i .049 

Expected Return 
Standard Deviation 
).1 Percentile 
).2 Percentile 
).25 Percentile 
).5 Percentile 
).75 Percentile 
).8 Percentile 
).9 Percentile 
~harpe ratio 

S&P5 
USTB 

RMID  
HIYLD 
CONV 

LBCORP .023~ .120 
LBGV'~ .001[ .124 
LB i B~ 157~ "0~ 

| 1,761,30211,206,609 
| 971050~ 93,454 
| 1,637,511~ 1,091,963 
| 1,680,084] 17129,562 

1,693,157~ ' r 141 r484 
1,759r28 ~ " ,202,29C 
1,826T9791 ' ,268,604 
1,843,977]" ',285,234 
1 r889,1911 " ,329,506 

.724~ .735 



The positive correlation seen in this study generally increased the minimum sufficiency 
levels. Chance-constrained reserves must be higher in the presence of correlation among 
lines of business. The company should have a higher level of capital attribution for the 
collection of correlated lines of business than what would be needed were they to be 
independent. But, the effect for the company in this study was small. For example, the 
beginning (Period 1) minimum sufficiency level dropped from $1,591,549 to $1,586,858. 
Comparison of Table 4: Statistics for Reserve Minimum Sufficiency Levels and Optimal 
Investment Portfolios and Table 5: Effects of Removal of By-Line Correlation discloses 
that there generally are higher minimum sufficiency levels when con'elation in the 
ultimate links is considered. However, the effect is modest and not always consistent. 
For example, periods 2,3 and 7 have modestly higher minimum sufficiency levels when 
independence was assumed among the lines of business. 

Caveats Regarding this Study 

- Variation among Local M i n i m a  
The optimization problem requires non-linear methods. Many combinations of asset 
weightings are likely to yield the same objective value, and the optimizer will produce 
varying optima for the same problem. These local optima arise when the optimizer 
randomly seeds different paths to a solution. 

A separate test of the optimization procedures was done to better understand the nature of 
the local minima. There was variation in the answers produced by the optimizer when all 
aspects of the problem were held constant except one: the optimizer was seeded in 
different ways at the start of the optimization by giving it different starting values for the 
portfolio allocation. Optimt, m values found by the optimizer are dependent on many 
empirical properties of the data being optimized--generalizations are difficult. 

Variation among local optima of minimum sufficiency levels was studied for two of the 
periods. The results are summarized in Table 6: Variation in Local Optima. 

Table 6: Variation in Local Optima 
:alut,'.s o1' O i ) t imizat i tm 

Objective function (minimum sufficiency 
level) 

Based on 266 replications of the 
optimization using different seeding for 
portfolio allocations, the local optima had 
modest v:~riation. 2° 

:0 The period means are higher than reported in other Tables because this test of local optima was based on 
different confidence levels. But, the overall results are insensitive to the choice of sufficiency probabilities; 
the variance in local optima is small. 

287 



ahtt's qJl' Ol+tinzizatitH'z Var ia t ion  ()l).~erve+ 

Asset allocation weights  

1 

1,805,772 
51,733 

3 
832,612 

22,321 

From an operational standpoint,  the 
standard deviations are small; sufficiency 
estimates are substantially unchanged 
regardless of the local op t imum chosen by 
the optimizer. 
There was high volatility in portfolio 

• -J 

allocation among  the local opt ma.+ Even 
rank shifts among  asset category weights 
were large. In the fol lowing table, statistics 
for rank order of  asset appearance in Period 
1 results are given. Observe  that the mean 
ranks are very close and standard 
deviations of  the ranks are high. This  
indicates a high volatility in the ranking of  
any given asset category among  the local 
optima. 

Period l Asset  Category Ranks 

EAFEU 

INTLUHD 

S&P5 

5.60 
2.28 

5.37 
2.37 

5.50 

ZL The fact that many different portfi)lio allocattons result in similar objective values was indirectly 
observed m Schecl, et al [2000]. In that study, efficient frontiers often were found not to be particularly 
effiment in a forecast sense. Off-frontier points in that study had portfolio weights, which produced results 
comparable to those of on-frontier points having different weights. A similar insensitivity to portfolio 
allocation was found in this study, because many different portfolio allocations resulted in local optima that 
differed by insubstantial amounts. 
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USTB 

RMID 

HIYLD 

CONV 

LBCORP 

LBGVT 

LBMBS 

4.91 
2.63 

5.45 
2.80 

5.23 
3.08 

5.39 
3.22 

5.63 
3.27 

6.64 
3.23 

5.28 
2.67 

Theresults  shown in Table 6: Variation in Local Optima show that at least for this study, 
the variation in the minimum sufficiency levels is small; the local optima appear to be 
clustered. However, there were numerous portfolio profiles with some rank order 
stability but still considerable differences in weight magnitudes. Although the 
optimization methods seem to be reasonably robust from an operational standpoint, this 
may not generally be true for other empirical datasets. 

Other Assumptions and Limitations 
Because this study was focused on methodology and not on precision of the actual 
valuations of reserves, some shortcuts were made. The following limitations may be 
imporlant if greater precision is desired: 

1. No adjustments for uncertainty respecting inflation were made. In fact, no 
business scenario generation, other than investment returns, was done in this 
analysis. 
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2. The possibility of  future inflation differing from expected inflation was not 
considered. There was no common economic tie binding future loss projections 
and future asset valuations. 

3. Tax frictions were not analyzed. 
4. The finesse of actuarial reserving involves many considerations such as  actuarial 

judgment,  the appropriate reserving model to be used with aggregate loss triangle 
information, and many other loss reserve details. 

5. The reserving method deployed was a simple average chain ladder approach; 
some actuaries may think it naive, but other reserving methods could be applied 
using the approach laid out here. 

6. Claim frequency was not studied. 
7. The implicit assumption is that the proxy asset portfolio used in this study is a 

reasonable representation of assets used to back reserves. Other asset proxies and 
approaches to investment scenario generation might yield materially different 
results. 

8. The optimizer constraint set did not limit the extent of  portfolio allocations for 
specific asset classes such as equities or international securities within the proxy 
portfolio. In general, the mix of assets in the optimal portfolios was under 20 
percent equities. Allocations to mortgaged backed securities got as high as 18 
percent. These and some allocations to convertible and high yield bonds may not 
be consistent with statutory limitations on such asset classes. These asset class- 
specific constraints were deemed to be beyond the scope of this study; however, 
appropriate changes could be made in the constraints set to limit the asset 
allocation weight for a class of investments. 
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Appendix A: Review of Data Sources 

Liabilities 
The source of financial information used for this paper is the data provided to participants 
in the CAS Call Paper program for the 2001 DFA Seminar. The data consisted primarily 
of Schedule P informauon. 

Proxy Assets 
This paper uses monthly time series of asset class total returns. A selection of broad asset 
classes typical of P&C insurance company asset portfolios was chosen for examination. 
The time series all begin January 1, 1970. However, certain asset classes (e.g., mortgage 
backed securities) do not have a history that extends back this far. For these classes the 
time series were backfilled to the January 1, 1970 start date by an investment consultant. 
The backfill process was based on a consideration of the market conditions of the time 
(e.g. interest rates, fixed incorne spreads, inflation expectations) and how the particular 
sector would have performed given those market conditions. 

Table 6 Asset Components 

International Equities EAFEU MSCI EAFE Index 1/1970 

International Fixed Income [ INTLHDG JP Morgan Non-US Traded Index 

Large Cap Domestic Equities S&P5 S&P 500 Index 

Cash USTB 90 Day US Treasury Bill 

Mid Cap Domestic Exluities RMID S&P Mid Cap 400 Index 

Mid Cap Domestic Equities RMID S&P Mid Cap 400 Index 

High Yield HIYLD CSFB High Yield Bond Index 

1/1970 

111970 

1/1970 

1/1982 

1/1982 

1/1986 
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International Equities EAFEU MSCI EAFE Index 

Convertible Securities CONV CSFB Convertible Index 

I 

Corporate Bonds LBCORP Lehman Brothers Corporate Bond Index 

Government Bonds LBGOVT Lehman Brothers Govenament Bond Index 

Mortgage Backed Securities LBMBS Lehman Brothers Mortgage Backed 
Securities Index 

1/1982 

1/1973 

1/1973 

1/1986 
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Appendix B: Example of Asset Scenarios for an Annual Period 
Specimen Annua!lzed Returns 

Scenario EAFEU ;INTLHDG I S&P5 , USTB , R MID 1 HIYLD } CONV LBCORP 1 LBGVT I LBMBS 
' -0.0027 0.062~ - -0.015E 0.0802 O.002~ i "-0.029(3 0.0297, 0.012~, 0.07571 0.064; 

1 , 0.1580:-0.116. = O11~,01:0.06211 0.159.= 0.132E~ 0.1681, 0.080C 1 0.06451 0.051, 2 
3 0.34201 0.089 z~' 0~-22-~ 0.07071 0.153:11 0.1-74~ I 0.1572~ o.128~, I 0.12~, 0.138~ 
4 ' "0.1184 0.098~ =, -0.12i'5, 0.0656 "0.0501] 0.015~-"O.060T~ 0.0657 0.0823 0.077~ 
5 ; 0.2593 0.054Z 0.2091 .... 0.0625 0 2001J 0.219Ej 0._1990, 0.1681J 0.14521 0114, 
6 , 0.0529 0.1815 -0.0815, ...0._0640, -0.120E, -0.0084, -0.0478, -0.019,~ 0.0714, 0.071( 
7 0.0352 0.025~ 0.4263 0.0561 0.319~ 0.1684, 0.2330, 0.078E, 0.092E, 0.121 (. 
8 ; -0.02631 -0.021~ I 0.13011 0.0654 0.129." 0.206?[ 0.1132~ 0.171,~.; 0.1567, 0.157~ 
9 , 0.0622, 0.089~,-0.0052, .0..0630,-0.0161, 0.074~, 0.0622~ 0.068~, 0.0691, 0.090( 
10 -0.1113, 0.030E "0.0285, 0.0687 "0.073;, "0.0644-0.0015 -0.0181 0.0659. 0.023; 
11 ! 014261, 0.0862, 0.372C" 0:()59~ 0.346(, 0.1973 0.265~ 0.1624, 0.10311 0.124; 
12 ' 0.3469 0.041; 0.2036, 0~Q610 0.2295, 0.223C 0.1441L 0.131~, 0.0908, 0.153; 
13 0.1085, _ 0.000E, 0.0505 0.0662~ 0.150~, -0.0178, 0.083~ -0.0024, 0.0036, 0.028; 
14 0.1889 0.195"/ 0.0605 0.06111 -0.062; 0.1085 -0.007~ 0.2271, 0.2147, 0.188S 
15 0.7624 "0.1837, 0.46321 0.076~) 0.6217) 0.2408, 0.3528 0.278E, 0.2308, 0.19~ 
16 0.4231) 0.102E, 0.0522 0.076( l -01_0..17~c I -0.0002, 0.029;, 0.1637, 0.1714, 0.152( 
17 0.2868 0.112E 0.1013, 0.071~ l 0.076E, 0.1287, 0.149S, 0.072(~, 0.0873. 0.144.= 
18 0.2166( 0.0479, 0.3057 0.072E 0.218C 0.0654, 0.142( 0.0621, 0.1379, 0.0866 
19 -0.0120 0.0196, 0.2636', 0.070.= 0.2442, 0 0827 0.1536 0.0235. 0.0456, 0.010E 
20 0.223( 0.0416, 0.0891, 0.:q51~! 0.108E, 0.2218, 0.103: 0.1687; 0.1087, 0.076~ 
21 -0.017; -O.0164 -0.0093 0.0747, 0.047C, 0.0555, 0.021z. -0.0214, 0.0483, 0.081~ 
22 -0.050.' 0.1184' 0.0768' 0.076-ci - . 0.0528 0.0757, 0.009( I 0.1442 0.1424, 0.162,~ 
23 0.0845 -0.0059 0.0561, 0.069;, 0.0730(. -0.0704, 0.060E, 0.0045, 0.0513, 0.0376 

.... 0._0. 052 ' 24 0.274; 0.1734, 0.2725, 0.058;, 0.277 0215E I 0.0623, 0.1011, 0.094"/ 
25 0.150." 0.1671 -0.0037 0.065( 0.0446( 0.0852, 0.027~ 1, 0.1147 0.1007 0.024~ 
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Valuing An Insurance Enterprise 

by 
Wil l i am C. Sched t 

Abstract 
The valuation methodology described in this paper follows from minimum sufficiency 
levels for reserves. The valuation is risk adjusted both for uncertainty in claims payments 
and uncertainty in investments. Attribution of capital is inherent in the method of 
determining minimum sufficiency levels. Value of an enterprise is seen its consisting of 
two parts: (I) current asset levels beyond what is required for minimum reserve 
sufficiency; and (2) capital release that is expected by virtue of the chance-constrained 
properties of the conservative minimum sufficiency levels. The valuation of an insurance 
enterprise in a runoff mode seeks to know the capital required to support the runoff of the 
enterprise and the probability distribution of the release of excess capttal back to 
shareholders for each of the forecast periods. Because the approach relies on bootstrap 
methods, there is no explicit measurement of either process or parameter risk that 
ordinarily appears in dynamic financial analysis. 

Introduct ion 
The Minhmmt S~.ficiency Level is defined to be the level of assets necessary to fund 
future claims payments with a specified level of confidence ISchecl, 2001 }. This level is 
risk adjusted both with respect to uncertainty in the stream of future chtims payments and 
uncertainty in the returns on assets needed to fund those claims payments. Risk 
adjustment is m the form of chance-constrained confidence; confidence that investments 
will grow to a target minimum sufficiency level and that the target will be sufficient to 
immunize future claims payments. 

This paper describes a valuation procedure based on minimum sufficiency levels. It 
seeks to establish: 

1. The valuation of the insurance enterprise. 
2. Capital requirements for a runoff of the enterprise. 
3. The probability distribution of capital release for each of the forecast periods. 

i Wilham C. Scheel. Ph.D., ]s I:'resident of DFA Technologies. LI,C. This paper was submzned ]n response 
to the 2001 Call for Papers. Dynamic Financial Analysis, a Case Study. A cc~mpanion paper enutled 
"Reserve Estimates Using Bt-~.~tstrapped Slatut¢~ry Loss Information" also was submitted. The author 
gratefully acknowledges the wisdom of both Wdliam J. Blatcher and Gerald S. Kirschner in correcting 
several of the author's mental blocks in deriving this paper. 
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The di f ference  be tween  the marke t  value of  assets  and the m i n i m u m  suf f i c i ency  level  is 
excess  value beyond  what  is required for c la ims  agains t  the enterpr ise .  The  m i n i m u m  
suf f ic iency  level  of  asse ts  conta ins  capital  a t t r ibut ion;  it is the r i sk-adjus ted  amoun t  that 
wil l  fund future c l a ims  obl igat ions .  2 We  refer to this  d i f ference  be tween  marke t  value 
and min i rnum suf f ic iency  level  as the cur r e n t  excess  value.  R e m a i n i n g  value  l ies in the 
di f ference be tween  asset  accrual  and c l a ims  payment s  over  t ime:  this  va lue  is referred to 
in this  paper  as capi ta l  release.  Future  capi ta l  re lease  is a r andom var iab le  and on ly  can 
be measured  with a p robab i l i ty  dis t r ibut ion.  Wc  can speak  of chance -cons t r a ined  
v a l u e s i v a l u e s  that conf iden t ly  lie under  a threshold or wi th in  a range. 

Both the nature of  the d is t r ibut ion of capi ta l  re lease and how it may  c h a n g e  ove r  l ime  are 

the foundat ions  of  enterpr ise  valuat ion.  

Aquisition Value 

"Fable 1 : Current  Excess  Value  descr ibes  the init ial  valuat ion of  the enterpr ise .  3 

Table 1: Current Excess Value 
Source of Value I Amount 

Current market value 5,534,719 
. e s s :  

Current min sufficiency level 1,591,549 
Current ultimate loss for lines not analyzed 2,565 

Net Current excess value 3v940,605 
PV E(capital release) (@.05) 297,109 

2 The concept of capital attribution used in this paper avoids the accounting distinction between liabilities 
and earmarked surplus. The author rejects the concept that equity that has been segregated is still equity; 
rather, it is a liabihty in the sense that the real liability has been misstated during the course of accounting 
ministrations. Whether there are different legal altributcs afforded liabilities and segregated surplus is 
irrelevant to this paper. Thts paper is concerned with risk-adjusted measures of future obligations. The 
author refers to them as liabilities even if an accountant dc.es not. 

The data used in this paper were provided to autllors participating in the 2001 DFA Seminar Call Papers 
contest held by the Casualty Actuarial Society. They include Schedule P information for a hypothetical 
insurance company and other financial statements. 
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The table indicates that a large proportion of current value is excess; it could be 
distributed to stockholders as a dividend without impairment to the enterprise. The 
minimum sufficiency level is risk-adjusted and will provide for future obligations. We 
now turn to a discussion about what this minimum sufficiency level is and how it is 
determined. 

Distribution of Minimum Sufficiency Levels 
The minimum sufficiency level shown in Table 1 : Current Excess Value is the amount, 
which with a confidence level of 0.9, will grow through investments and be sufficient to 
cover future claims payments. 4 This study assumes that investment returns are described 
by a multinormal distribution. 5 The investment data are those used in one of the author's 
prior ,articles [Scheel, et al, 2000]; they are summarized in Appendix A: Review of Data 
Sources. The proxy investment choices cover a broad range, including fixed obligations, 
collateralized mortgage obligations, toreign and domestic bonds and equities. 

A full description of how the distribution of minimum sufficiency levels was determined 
appears in Scheel [2001]. A brief summary is given here. Non-linear optimization 
methods were used to evaluate portfolio weights and determine a reserve that is risk- 
adjusted both for uncertainty in claims amounts and uncertainty in investments; this 
reserve is the minimum sufficiency level. Managerial decision-making established an 
acceptable level of confidence in a probabilistic sense. Within these levels of confidence, 
the minimum sufficiency level of assets will grow to a target amount that will both fund 
claims for the period and immunize (within a specified confidence level) the company 
both from fluctuations in investment return and remaining claims. The minimum 
sufficiency level is a risk-adjusted reserve that contains capital attribution. Additional 
capital is needed only to assure margins beyond those already built into the minimum 
sufficiency level,or for other risk-bearing purposes. 6 

Targets for Sufficiency 
Targets for the required growth levels were obtained from simulations of correlated hnk 
ratios for ultimate losses and payment patterns. 7 They were applied to current loss 
triangle diagonals to provide estimates of: (a) changes in ultimate loss, and (b) the 
relationship between paid and ultimate loss for each accident period during the forecast 
development periods. The statistical foundation for the simulation was the use of 
bootstrap methods applied to loss triangles. 

4 Detaded descriptions of how sufficiency levels were calculated appear in the companion paper [Scheel, 
20011. 
s The hypothetical insurance company has invested assets but their efficacy was not examined in this paper. 
Rather, the analysis considers current assets to have been rebakmced into the proxy portfolio. The paper 
describes in detail how an optimal portlblio was constructed and rcbalanced over time using the rich set of 
securities in the proxy portfoho. 
6 This study did not include all joint costs associated wilh claims and. therefore, overstates net current 
excess value. Only claims costs included in Schedule F' paid losses have been considered. 

Correlation among lines of business was considered for the determination of each link. t'lowever, 
correlation among different development pentxls either within a line of business or among lines of business 
was not considered. 
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The initial step involved multivariate bootstrapping using the link ratios for ultimate and 
paid loss triangles. This bootstrap was done in multivariate fashion to measure 
correlation among lines of business in ultimate links. The next step used the estimates of 
means and covariances obtained from the bootstrapping in a multinormal simulation. 
This simulation produced ultimate link ratios for forecasting changes in ultimate loss. 
Then, a secondary simulation elicited the speed of claims payment. These simulations 
were the source of cash flow during the forecast period, s 

The forecast period for paid loss cash flow extended ten years; these paid losses were 
discounted at a risk-free rate. Many scenarios were derived for loss payment cash flow. 
These were discounted and the result was a probability distribution of end-of-period 
target sufficiency levels. A chance-constrained target was measured with this probability 
distribution; it is referred to as the target sufficiency level. 

The target sufficiency level was the upper confidence level associated with the .8 
percentile of the present value of future claims cash flow. In this case, the upper .9 
confidence point of the percentile was used. 9 Other risk tolerances would lead to 
different levels; but the fundamental approach taken to firm valuation would be 
unchanged. 

The target sufficiency level is similar to a conventional GAAP reserve calculation 
because cash flow is discounted. ~° A conservative interest rate was used in the 
discounting of future claims obligations. Cash flow measurement for paid losses 
followed from simulations of paid-loss/ultimate ratios. First, link ratios wcre simulated 
for transition in ultimate loss estimates across calendar periods. Then, payments were 
generated based on the simulated ultimate loss. 

Sufficiency Levels for Investments 
The second phase of the reserve determination is the translation of the target (end-of- 
period) sufficiency level into a beginning-of-period sum required for investment. This 
sum is risk-adjusted for investment uncertainty. It is the minimum sufficiency level, and 
non-linear optimization methods are used to calcuhtte it. It is an invested amount that 
grows with income to the target sufficiency level within a managerial-selected confidence 
level. 

B This study did not deal wuh unearned premiums or any other accrual items. The only source of cash flow 
was assumed to be claims payments as they are reflected in estimates of ultimate loss. 
'~ The percentile is binomially distributed. Its confidence band is a function of sample size. Simulations 
used in this paper were always al least 2.500 iterations so the normal approximation could be used to 
evaluate the confidence band for percentiles. See John C. Freund, Mathematical Statistics, 1971, Prentice- 
Hall. Inc., p. 276. 
l0 Reserves are not always discounted for GAAP. In fact, the GAAP rules can be interpreted as either 
allowing or not allowing dmcounung. But, were discounting to be demanded, the target sufficiency levels 
are an abstraction from the probability distribution of GAAP re,ryes. 
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During the second phase, investment scenarios were generated using an asset model. ~ 
During a trial solution, a profile of weights is tested by the optimizer. The trial profile is 
applied to every simulated scenario to ascertain a portfolio return for it. The asset 
weights in the profile were constrained by the optimizer to eliminate the possibility of 
short sales. ~2 

The simulated portfolio return is a growth factor for the investcd sum, the minimum 
sufficiency level. In a converse manner, it can be used as a discount rate to convert the 
target sufficiency level into the required minimum sufficiency levcl. The present value is 
the minimum sufficiency amount that is a required; it ~s a beginning-of-period amount. It 
leads to the end-of-period target level within prescribed confidence levels. The 
distribution of these present values is obtained for all asset scenarios using the trial 
profile provided by the optimizer. A chance-constrained limit of this distribution was 
returned to the optimizer as an objective value. 

The optimizer repeats the process with different sets of proxy investment weights until 
the objective function is found to be a minimum. In summary, the optimizer minimizcd 
the invested sum need to provide risk-adjusted growth to a target sufficiency level. The 
objective function for the optimizer is a confidence level of the probability distribution of 
the discounted value of the target sufficiency level. There is a sirnulated set of returrts 
for all asset categories, and apportionment among them is given by the optimizer. 
Because (a) we know the end-of-period target and (b) we have ,'l simulated set of 
portfolio returns, the discounted beginning-of-period invested amount can be ascertained 
for any desired confidence level. 13 We refer to this risk-adjusted reserve as the minimum 
sufficiency level. 

Capital Attr ibut ion 
The minimum sufficiency levels contain attribution of capital. The release of that capital 
is of interest because it can be a source of future stockholder dividends. 

Capital may be released when minimum sufficiency levcls grow in ~,n expected fashion 
that leads to sums greater than the target sufficiency level. There is an additional 
expected capital release because expected claims are less than the conservative target 
sufficiency level that immunizes the company. 

Capital release during period t is defined by (I. I). 

tt The choice of an asset model was not particularly iml'X.~rtant for this paper; any asset model that pr~×luces 
investment scenarios for a broad speclrum of securities could work. The one used here was a mnlli-variale 
normal simulation. Of course, different models for investment and claims scenario generatl~'m would 
~roduce different valuations. 
" Investments were not constrained to limits imposed by regulation. F,~r example, no conslralnts '.,.'ere set 

on the proporhon of assets invested m equities. These and other similar limktallons could be added lc~ the 
constraints used by the optimizer. 
13 It was assumed that claims were mctdent at the end of each period, In this analysis, periods were 
calendar years. 
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SR, = MSL,(I + p , ) - ( C ,  + MSL,,, ) (1. I) 

where: 

SR, = capital released at t'he end of period t, 

MSL, = minimum sufficiency level at the beginning of period t, 

p, = po,tfolio return during period t, 

C, = claims payrncnts during period t. 

Capital release, SR,. is a random variable. We now turn to procedures used to csumate 

the probability distribution for capital release each period. 

Distribution of Capital Release 
The capital release random variable is a function of two other random variables tbat are 
independent: investment growth, p, ,  and pa~d losses. C,. The distribution of each of 

them is found through modeling. The asset model provides scenarios for invested assets. 
The liability model pro~.ides scenarios for losses. The minimum sufliciency levels are 
determined using both the investment seen:trio and tbc paid loss gener:ttors. 

The steps are: 

I. Randomly  ~cner:ite :in b~vostmenl scenario fo r  the period. Assume lhe investrnen! 

portfolio backing the minlmum sufficiency level is apportioned according to the 
optimized profile used to measure it. Determine tile period's return, p,, for the 

weighted porl folio. 
2. The result of step I is the growth rate of minimum sufficiency assets. This end- 

of-period value, MSI.~(I + p,). is used to pay the period's claims 14 and fund next 

period's minimum sufficiency level. 
3. Paid claims for the period, C,. are obtmned from the l iabil i ty simulator. A 

payments scenario is randomly generated. ~~ 
4. The results of steps (I)-(3) are used in equation (I.1) to c:dculate SR,, a simulated 

observation of  capita/release. 
5. Steps (I)-(4) are repeated many times to build tip the distribution of capital 

release for the t ~n period. 
6. This method is extended through remaining periods of the analysis. 

t~ This study simplifies zhe analysis by assuming claim i):lymcntq occur at the end of  the period. 
~ The loss generator could be any t-+f the tt)nventional ones deployed in pOl+ular dynamic finarLcial analysis 
models. Brit. i( should the same one used It) c'~[ihKHed {['lc minlmunl sufficiency levels. ] 'he one used in 
this sltldy relics on boolstrapplng and involves 11o other d[na Ihan pubhshed inl~rmafiotl. See Schecl 
[2000I t~,ecause il retie.'; o13 bootstrap Inelhods. there ~s no explicit mcastlrcnIcnt of either pn~'css or 
parameter iLsk lhal ordln:udy appear,; in dyr~ami¢ financial analysis 
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The results arc shown in Table 2: Distribution of Capital Release. The discounted 
present value of the expected capital release is one of the items shown in Table 1 : 
Current Excess Value. 
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Table 2: Distribution of Capital Release 

I . Period 1 Period 2 IPeriod 3 Period 4 Period 5 
ean 133,441 59,222 51,99~ 39,575 17,90£ 
tandard Deviation 113,283 45,983 48.344 36,444 13,69z 
edian 127,131 58.012 50,62,~ 37,486 17,59E 

6 percentile -42,909 -15.214 -23,63E -16,731 -4.23C 
10 percentile -6,434 1 ,953  -8.05C -4.987 40,~ 
25 percentile 54,018 27,826 18,29, ~ 13,848 8,23z 
75 percentile 208,578 89,46z 83.84,~ 63,171 27,06,~ 
90 percentile 280,925 118.26~ 114.96£ 88,253 35,39£ 
95 percentile , 325,144 135,291 134,07E 101,404 41,021 

IPeri°d 6 iPerlod 7 ~ P e r i o d  9 
15.222 8.490 6.76E 4--.~5 
12.471 7.220 5.70~ 2.895 
14.711 8.308 6.55~ 4.360 
°4.442 -3 .078  -1.95E -347 

-195 -905 -53~ 678 
6.438 3.511 2.681 i 2.431 

23.719 13.385 10.63,~ 6.361 
i 

31.348 17.719 14.45C 8.200 
I 

35 717 20.375~ 16.52; I 9.103 



What is the Source of Expected Capital Release? 

This is an interesting question. If we were to hold a min imum sufficiency level equal to 
the cxpccted value of the runoff,.would there be no expected capital release? What is the 
foundation for an expectation of capital release? 

Ex ante, the minintum sufficiency levels are conservative, chance-constrained values. As 
defined in this paper, there are tv,'o sources of such conservatism: (I) Ihe target 
sufficiency level is higher than the expected present value of losses and (2) the beginning 
level assets is higher Ihan the expect level needed to achieve this deferred target. If the 
first target w:ts based on the expected present value of claims (and, the expected value 
was a riskless rate of  return during the holding period) and if the value of assets held 
were expected to yield this target amount, there would be no e.~pectation of capital 
release. 

The expected source of capital release arises from contingency margins both in the target 
sufficiency levels ,'rod in the required assets backing t hem- - the  min imum sufficiency 
levels. Were such levels to be based strictly on expectations, capnal release still could 
occur. But it would arise from fortuitous events- - there  would be no expectation of 
capital release. It means that in an expectation sense the min imum sufficiency levels set 
at fair value (expected) levels have no expectation of being either excessive or deficient. 
Sufficiency, at least in the context of this paper and the setting of reserves, requires a 
higher standard. It requires that there be an expectation of capital release. This 
expectation is the foundation of insurer solidity. 

This result becomes clearer if we switch from expected value to median value. Were thc 
distributions to be normally distributed, the mean expectancy and median merge. Under 
these circumstances,  it becomes apparent that either capital release or deficiency has a 
50:50 chance of  emerging. Neither median-based nor expected value-based estimates 
seem to be reasonable standards. A regulatory context of  sufficiency seeks sohdity of the 
enterprise and the paramount presc~'ation of policyholder interests. This standard 
imposes conservative chance-constrained levels. It is this conservatism in using high 
confidence levels that leads to an expectation of capital release. 

Value of the Enterprise 
The value of the enterprise consists of  the current excess value and subsequent capital 
release. Table I: Current Excess Value identifies these sources of  value. The 
contribution to enterprise value from future expected capital release is discounted and 
added to initial excess value to produce the total net present value. As can be seen in the 
table, this enterprise value is :t high percentage of the current market value of :~ssets. 

Capital release will not unfold as expected. Other ways of expressing value are to 
examine percentiles of the capital release distributions. The capital release percentiles 
are shown in Figure I : Value of the Enterprise. Both the Figure and Table show that 
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there is slighl positive skewness in the distributions. The median value is less than the 
expected value tot all periods. Because there is a 50:50 chance that capital release will 
be lower than expected, the valuation of the enterprise might be considered somewhat  
less. However, risk lovers may see great value in the enterprise if windfall probabilities 
end up causing some of the high capital release values that lie in the tails of  these 
distributions. 

F i g u r e  1: V a l u e  o f  t h e  E n t e r p r i s e  
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Caveats Regarding this Study 
The following shortcuts were rnade: 

1. Ordinarily a DFA analysis would use the existing assets of an enterprise so that 
rcbalancing could trace their disposition. The specific assets held would have to 
be modeled as part of  the investment scenario generation process. This may 
require modeling other business climate aggregates that are thought to impact on 
investment returns for these securities. This study assumes that :, rich set of 
investment aggregates serve as a proxy for the real assets. The focus of this study 
was on the rebahmcing that might be required were this set of  investment proxies 
to be used as actu.'d investments. Maintenance of the existing portfolio or how it 
might be rcbahmced was beyond the scope of this study. The implicit assumption 
is that all assets, valued at market, could bc reinvested irnmediately in the proxy 
portfolio used in this study. 

2. No adjt,stments for t, ncer!:dnty respecting inflation were rnade. In fact. no 
business scenano generation, other than investment returns, was done in this 
analysis. 

3. The possibility of future inflation ddTcring from expected inflation ,.,.'as not 
considered. There was no common economic tie binding future loss projections 
and future asset valuations. 
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4, Future business writings were not considered. 
5. Tax frictions were not analyzed. 
6. Financial statement generation was limited to cash flow analysis. Acquisition and 

integration of an insurance entity would necessitate the modeling of consolidated 
statements and many aspects of line-of-business integration were the parent 
company also an insurer. Consideration of these effects on total risk bearing may 
have a material impact on valuation. 

7. The study did not attempt to harvest uncertainty in non-claims accruals or 
financial accounts other than claims and investments. The total risk of the 
enterprise might bc materi:dly affected were other sources of  uncertainty to be 
considered. 

8. Administration and other expenses were ignored. 
9. The optimizer constraint set did not limit the extent of portfolio allocations for 

specific asset classes such :is equities or international securities within the proxy 
portfolio. In general, the mix of assets in the optimal portfolios was under 20 
percent equities. Allocations to mortgaged backed securities got as high as 18 
percent. These and some allocations to convertible and high yield bonds may not 
be consistent with statutory limitations on such asset classes. These asset class- 
specific constraints were deemed to be beyond the scope of this study: however, 
appropriate changes could be made in the constraints set to limit the asset 
allocation weight for a class of  investments. 
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Appendix A: Review of Data Sources 
This paper uses monthly time series of asset class total returns. A selection of broad asset 
classes typical of  P&C insurance company asset portfolios was chosen for examination. 
The time series all begin Jant, ary I, 1970. However, certain asset classes (e.g. mortgage 
backed securities) do not have a history that extends back this far. For these classes the 
time series were backfilled to the January 1, 1970 start date by an investment consultant. 
The backfill process was based on a consideration of the market conditions of the time 
(e.g. interest rates, fixed income spreads, inflation expectations) and how the particular 
sector would have performed given those market conditions. The Start Date in Table 3 
refers to the date historical data begins. 

Table 3 Asset Components 

Large Cap Domestic Eqtuties S&P5 S&P 500 Index 1/197(.I 

Cash USTB 90 Day US Tre:tsury Bill I/1970 

Mid Cap Domestic Equities RMID S&F' Mid Cap 400 Index 1/1982 

Htgh Yield HIYLD CSFB High Yield Bond Index 1/1986 

High Yield HIYLD CSFB High Yield Bond Index 1/1986 

Convertible Securities CONV CSFB Convertible Index 1/1982 

CONV Convertible Securities CSFB Convertible Index 1/1982 

Corporate Bonds LBCORP Lehman Brothers Corporate Bond Index 1/1973 
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International Equities EAFEU MSCI EAFE Index 

Govcrnment Bonds LBGOVT Lehman Brothers Government Bond Index 

Mortgage Backed Securities LBMBS Lchnlan Brothers Mortgage Backed 
Securities Index 

1/1973 

1/1986 
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Appendix B: Examples of Capital Release Scenarios 
Optimized 

Minimum Target Sufficiency Portfolio Simulated EOP 
Sufficency Level Level Paid Claims Return Value 

. . . . . . . .  (2).__ (3) (4) . . . . .  (_5)_ (6)=(2)*[I+(5)] 
Period 1 

Next 
Period's 

MSL Capital Release 
(7) (8)=(6)-{(4)+(7)] 

1 1,591,549 1,683,785 571,004 0.1512 1,832,128 
2 1,591,549 1,683,785 550,142 0.1563 1,840,355 
3 1,591,549 1,683,785 600,991 0.0353 1,647,748 
4 1,591,549 1,683,785 598,510 0.2693 2,020,096 
5 1,591,549 1 , 6 8 3 r 7 8 5  _510,979 0.2408 1,974,870 

Period 2 

1,064,347 196,773 
1,064,347 225,86( 
1,064,347 -17,5g( 
1,064,347 357,23~ 
1,064~347 399.54~ 

1 1,064,347 1,128,672 448,891 0.0244 1,090,309 
2 1,064,347 1,128,672 400,138 0.0264 1,092,403 
3 1,064,347 1,128,672 455,988 0.1262 1,198,640 
4 1,064,347 1,128,672 402,754 0.1181 1,190,084 
5 1,064,347 1,128,672 ..436,252 0.1090 1,180T324 

Period 3 
1 680,513 722,708 225,438 0.0137 689,836 
2 680,513 722,708 233,072 0.0765 732,601 
3 680,513 722,708 281,247 0.0854 738,658 
4 680,513 722,708 273,722 0.0969 746,454 
5 680,513 722,708 292,232 0.1032 750,721 

Period 4 

680,513 -39,09~ 
680,513 11,751 
680,513 62,13£ 
680,513 106,81; 
68_0~513__ 63p55~ 

445,919 18,47~ 
445,919 53,61( 
445,919 11,49~ 
445,919 26,81~ 
445,919 12157( 

1 445,919 471,934 156,646 -0.0228 435,732 
2 445,919 471,934 159,586 0.2777 569,748 
3 445,919 471,934 169,446 0.0511 468,689 
4 445,919 471,934 158,879 0.0589 472,172 
5 445,919 471,934 193,995 0.0627 473,873 

296,149 -17,06.' 
296,149 114,01." 
296,149 13,09¢ 
296.149 17,14~ 
296,149 -16,271 



L,o 

Minimum Target Sufftciency 
Sufficency Level Level Paid Claims 

(2) (3) (4) 

Opbmized Next 
Portfoho S#mulated EOP Period's 
Return Value MSL Capital Release 

(5) (6)=(2)*[1+(5)] (7) (8)=(6)-[(4)+(7)/ 
=erlod 5 

1 296,149 313,611 109.267 0 0560 312.726 198.432 5,028 
2 296.149 313,611 111,052 0 0961 324,596 198,432 15,113 
3 296,149 313.611 110,854 0 1495 340,437 198,432 31,152 
4 296.149 313,611 112,634 0 1691 346,232 198,432 35,165 
5 296.149 313,611 106,550 0 1364 336,550 198,432 31r568 

Period 6 
1 198,432 210.181 69,061 0 1341 225.036 129,609 26,366 
2 198,432 210,181 71,070 0 1125 220,760 129,609 20,082 
3 198.432 210.181 69.934 0 1268 223,588 129,609 24,046 
4 198.432 210.181 77.007 0 2471 247.473 129,609 40,857 
5 198,432 210,181 69,786 0 0557 209.484 129,609 10,089 

Period 7 
1 129,609 137,047 51,764 0 0315 133,689 78,977 2,949 
2 129.609 137.047 59.632 0 1125 144,189 78,977 5,581 
3 129,609 137,047 51,172 0 1607 150,434 78,977 20,285 
4 129,609 137,047 55,113 0 1085 143,669 78,977 9,579 
5 129,609 137,047 59,218 0 1393 147,666 78,977 9~471 

Period 8 
1 78,977 83,439 47,517 0 2188 96,254 37,711 11,026 
2 78,977 83,439 42,505 0 1290 89,162 37,711 8,946 
3 78,977 83,439 45,269 0 1612 91.705 37,711 8,725 
4 78.977 83,439 45,651 0 0859 85.763 37.711 2,400 
5 78,977 83,439 43,289 0 0134 80,037 37,711 -964 

Period 9 
1 37,711 39.879 32,317 0 0686 40.297 0 7,980 
2 37,711 39.879 37,275 0 0670 40,239 0 2,963 
3 37,711 39,879 39,955 0 1242 42,394 0 2,439 
4 37,711 39,879 37,788 0 0741 40,507 0 2,719 
5 37,711 39,879 32,851 0 1188 42,192 0 9,341 
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