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Description: Actuarial Services 

ATTACHMENT A 

Responses to Vendor Questions 

1. Item A under Section 7 (pg.14) of the RFP specifies that “Offeror shall be a Fellow of the

Casualty Actuarial Society.” Can this requirement be adjusted to read “Member of the

Casualty Actuarial Society” instead of “Fellow of the Casualty Actuarial Society”?

The County/Schools are open to associates performing work on the resulting 

contract. However, a fellow would be preferred to review, approve, and sign off 

on the report provided. 

2. Is the contractor for the prior term eligible to participate in this RFP? Have County

personnel been happy with the services provided by the prior contractor?

Yes; any vendor, including the incumbent, is eligible to participate in the RFP 

process, providing they meet the qualifications and specifications provided 

therein. The County/Schools have been satisfied with the services provided. 

3. Can you provide a copy of the winning proposal from the last time this project was out

for bid?

Please see Attachment B. 

4. Was the work required in prior years similar to that described in the current RFP? Are

there any improvements, or additional services that the County is seeking?

Yes, the work as specified is similar to that of prior years; there are no 

improvements or additional services. 

5. Page 12, item H, of the RFP states that “It is the policy of the County of Roanoke to

maximize participation by minority and women owned business enterprises in all aspects

of County contracting opportunities.”

a. Is there a MBE/WBE subcontractor participating in the current contract? If yes,

can you provide the name, a brief description of their services, and the dollar

amount of their annual fee?

There is not a subcontractor providing service on this contract. Claims

information is provided by VACORP to the actuarial company.

b. In what way will this policy be incorporated into the selection process for this

RFP?

While MBE/WBE participation will be considered, there is no specific weighted

selection criteria in regards to that participation. As a local government entity,

Roanoke County/ RCPS does not have the specific requirements on this subject

which are enforced at the state level.



c. Does this RFP have a MBE/WBE participation goal?

There is not a participation goal for this RFP.

6. Does the County expect the selected vendor to attend meetings at the client site? If so,

how often?

Yes; a single meeting is expected, to review the new actuarial report. Roanoke 

County/RCPS would consider videoconferencing options for this meeting if 

necessary. 

7. Can a copy of the most recent actuarial report be provided?

Please see Attachments C and D. 
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1
ProposaltoPerformActuarialServices
RoanokeCounty, Virginia

Scope ofServices

Select Actuarial Services proposes toperform actuarial consulting
services forRoanoke County, Virginia.  Thepurpose ofthestudywillbeto
assist theCounty inthemanagement andplanning ofitsself-insured
workers compensation andautomobile andgeneral liability programs and
theself-insured workers compensation program oftheCounty School
Board.  Theassistance shall include:  

Submission ofaformal document addressing actuarial evaluations of1) 
reserves andfunding requirements, signed byaMember andFellow of
theCasualty Actuarial Society.  

Personal presentation andexplanation ofreport results and2) 
conclusions. 

Ongoing consultation, asnecessary, withregard tointerpretation of3) 
values presented andtheimplementation ofrecommendations.  

Actuarial Analyses

Theobjectives ofthisstudywillbe:  

Toevaluate reserves required asofJune30, 2007, tofundoutstanding
retained losses;  

Toproject losses forthe2007/08and2008/09years;  

Toevaluate theadequacy offundbalances asofJune30, 2007, and
toproject funding requirements through the2008/09year; and

Toprovide estimated cash flowrequirements forprior incurred claims
andprojected future claimsbyfiscalyear.  



Theanalyses will include anestimation ofthestatistical variability inherent
intheactuarial estimates, providing forprojections atvarious confidence

thththlevels including the50, 75and90percentiles.  Provision ofestimates
atother thanexpected allows theCounty toevaluate thevariability
inherent intheestimates.  Thereserve analyses willbeperformed
reflecting theself-insured retentions ineffectduring eachpolicyyear.  Loss
projections canbeprovided atthecurrent retentions and/oroneormore
potential future retentions.  Results willbepresented onbothdiscounted
andundiscounted bases, withandwithout thereflection ofthetimevalue
ofmoney.  

Acomparison oftheresults ofthisanalysis withthepriorstudy, asof
June30, 2005, willbeincluded.  Thisexhibit willdisplay actual experience
asofJune30, 2007, withprojections based ontheprevious analysis,  
showing howanychanges inestimated ultimate losses reflect changes in
experience relative toexpectations.  Toallowforfuture audits ofthe
experience, whether bySelect orbyanother firm, wewill include
projections ofpaidandreported losses asofeachfiscalyearendthrough
2008/09. 

Presentation ofResults

Theresults oftheanalyses willbepresented firstindraft formforthe
County’sreview, followed byaformal written reportandoralpresentation
totheCounty’sSelf-Insurance Board ofTrustees.  Thewritten reportwill
contain anExecutive Summary outlining theassumptions onwhich the
analysis isbased andtheconclusions reached.  Theformatofthe
Executive Summary willbeaccessible toindividuals whoarenotexpert in
theinsurance field, including graphs outlining thesignificant findings.  The
balance ofthewritten reportwilldocument sources ofdata, material
assumptions, andmethods usedinsufficient detail fortheCounty’s
auditors oranother actuary toevaluate theworkperformed andthe
conclusions reached.  

Ouroralpresentation oftheresults will focusonoverall funding adequacy,  
trends inexperience, andprojections offuture losses, rather thanonthe
actuarial methodology employed toreach theconclusions. 
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Performance Schedule

Select Actuarial Services willcomplete theproposed services in
accordance withthetimetable outlined intheCounty’sRequest for
Proposal.  Wepropose thefollowing targetdates forcompletion ofthe
project: 

DateActionItem

April2007 ContractAwarded

WeekofJuly9 DataProvided

WeekofJuly23 DraftConclusionsandReportDelivered

July30 – August3 ReviewofResultsandDraftReport

WeekofAugust6 OralPresentationofResults

August15 FinalReportDelivered

Contractor Description

SelectActuarial Services

Select Actuarial Services isanindependent consulting firmproviding
expert, professional casualty actuarial services necessary tothesound
management andadministration ofriskmanagement andinsurance
programs.  Select actuaries conduct ongoing research into improved
methods ofanalysis andapplystate-of-the-arttechniques totheestimation
ofinsurance andself-insurance liabilities.  Ourstaff, which includes four
fullyqualified Fellows oftheCasualty Actuarial Society, provides thedepth
ofknowledge, yearsofexperience andcritical peer-review support
necessary tomeet theCounty’sneeds.  Infact, governmental entities
makeupabout twenty-fivepercent ofSelect Actuarial Services’ client
base.  Ourexperience with theseentities hasgivenusinsight intohowthe
issues facing governmental clients differ fromthoseoftheprivate sector.   
Experience withadiverse baseofcaptive, self-insured, andinsurance
company clients, together withaconcerted effort tostayinformed withthe
insurance industry andourclients’ interests makes Select Actuarial
Services wellprepared toprovide theexpert actuarial andrelated
consulting services ourclients havecome torelyon.  
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Select’sstudies areobjective evaluations ofriskfinancing programs.   
Reports arelogically self-contained.  Weprideourselves inproducing
clearly written reports thatcanbeunderstood bynon-actuaries.  The
selection ofactuarial techniques isrelated totheclient'sinsurance andrisk
management program.  Support forsubjective judgments isexplicitly
identified andcanbereadily scrutinized.  Report conclusions haveclean
audit trailsandcanbereplicated bynon-actuaries.  Thisapproach
ensures thevalueofactuarial studies inhelping clients achieve their
objectives. 

Allstudies performed bySelect Actuarial Services meetapplicable
American Academy ofActuaries Standards ofPractice.  Inaddition,  
Select’sstudies alsomeet internal clientservice standards relating to
product content andreview requirements.  These standards relate tothe
product asadocument whichcanbeusedbynon-actuaries foravariety of
purposes.  Asanexample, ourinternal standards require thatallreserve
analyses performed include exhibits andnarrative outlining thereasons for
changes inestimated ultimate losses relative toprioranalyses.  Ourclients
have foundsuchdiscussions tobeveryhelpful indetermining whether
changes inultimate losses arewithin normal expectations orrequire
corrective action.  

Internal service standards alsorequire peerreview byasecond,  
credentialled actuary (nototherwise assigned totheproject) ofallmajor
studies before finalrelease totheclient.   Review byanother actuary
outside theproject ensures thatassumptions areclearly delineated and
thatallrelevant alternatives havebeen considered.  

Office Location andKeyPersonnel

Professional actuarial services willbeprovided by:  

Select Actuarial Services
28White Bridge Road, Suite205

Nashville, Tennessee 37205
615-269-4469 (voice)  
615-269-4878 (fax)  

Theproposed studies willbeperformed byClaire Janaway, analyst, under
thedirection ofMaryFrances Miller, FCAS, MAAA, CPCU, ARe, AIM.   
Peerreview willbeprovided byCheryl White, FCAS, MAAA.  Mrs. Miller
willpresent theresults ofthestudies totheSelf-Insurance Board of
Trustees.  Resumes ofourteammembers arecontained inSection 2of
thisproposal.  

Mrs. MillerandMs. Whitehaveextensive experience intheevaluation of
publicentity self-insurance programs.  Alistingofrepresentative projects
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recently completed under theirdirection iscontained inSection 3ofthis
proposal. 

DataRequirements

Inorder tocomplete theproposed study, wewillneedthefollowing data:  

Alistingofindividual autoandgeneral liability losses asof1) 
June30, 2006, andasofJune30, 2007.  

Paidandreported losses andclaimcounts byaccident yearasof2) 
June30, 2006, andJune30, 2007, fortheCounty andSchool Board
workers compensation coverages. 

Alisting ofallworkers compensation individual claims withreported3) 
losses inexcess of $50,000asofJune30, 2007.  

Updates topayrolls, automobile counts andoperating expenditures4) 
andprojections fortheforecast years.  

Retentions andlimitsofcoverage forthe06/07, 07/08, and08/095) 
years.  Please confirm thelimitsshown inthemost recent actuarial
study forthe04/05and05/06years.  

Rangeofratesofreturn tobeused indiscounting outstanding loss6) 
reserves andforecast losses (the2005study useda3% rate).  

Current fundbalances andasofJune30, 2007.  7) 

Conclusion

Thank youforgiving ustheopportunity tosubmit thisproposal.  Welook
forward tocontinuing toprovide highquality, individualized consulting
services totheCounty.  
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Section

2
TeamMembers
MaryFrances Miller, FCAS, MAAA, CPCU, ARe, AIM

Mrs. Miller isafounder andthesenior consulting actuary withSelect
Actuarial Services.  Withmorethan20yearsofproperty andcasualty
actuarial experience, sheprovides actuarial consulting services onseveral
majoraccounts andisadditionally responsible fortheprofessional
development oftheothermembers.  Herexpertise isfrequently called
upontoassist clients inmaking decisions regarding themaintenance and
design oftheir riskmanagement programs. 

Prior totheformation ofSelect Actuarial Services, Mrs. Millerwasthe
Senior VicePresident andChief Actuary forfiveyearsatSedgwick
Actuarial Services.  AsChief Actuary sheperformed awidespectrum of
actuarial studies andalsomanaged theactuarial staff.  Before joining
Sedgwick in1993, Mrs. Miller wasreinsurance actuary withAmerican
States Insurance Companies, where herduties included pricing within the
Reinsurance Division, aswellasthedesign anddevelopment of
specialized software targeting property catastrophe exposures, case
reserving forautomobile andworkers' compensation long-termdisability
claims, andevaluating treatycommutation proposals.  

Mrs. Miller graduated withhighest honor fromtheHonors College at
Michigan State University withBachelor ofArtsdegrees inMathematics
andLinguistics.  SheisaFellowoftheCasualty Actuarial Society, a
member oftheAmerican Academy ofActuaries, aFellowofthe
Conference ofConsulting Actuaries, andaChartered Property and
Casualty Underwriter.  Shewaselected anHonorary FellowoftheInstitute
ofActuaries (UK) in2005.  Shehasbeenanactive contributor tothe
actuarial profession since achieving fellowship in1988, andhaschaired
theCASProfessionalism Education Committee, theEducation Policy
Committee, andtaskforcesonmutual recognition andfuture education
planning.  ShewasVice-President forAdmissions oftheCasualty
Actuarial Society from2000 to2002, President-Elect in2003, President in
2004, andshechaired theCASBoard in2005.  Shehasbeenamember
oftheBoard ofDirectors oftheAmerican Academy ofActuaries andisa
current member oftheBoard ofDirectors oftheConference ofConsulting
Actuaries.  Asamember oftheActuarial Standards Board subcommittee



onreserves, Mrs. Miller wasadrafter ofASOP #36, thestandard for
reserve opinions intheUnited States.  

CherylWhite, FCAS, MAAA

Ms. White isafounder andconsulting actuary withSelect Actuarial
Services.  Shehasover thirteen yearsofexperience intheproperty
casualty actuarial field.  Asamember ofSelect Actuarial Services, she
provides expert consulting services tomanyofourclients andprovides
leadership asthesigning actuary fornumerous projects produced byother
members ofthepractice.  Herexperience includes reserve analyses, loss
forecasting, probability analyses, andlarge lossmodeling.  Inaddition to
consulting, Ms. Whitehelps tokeepSelect Actuarial Services running by
handling manyoftheday-to-dayresponsibilities involved inmanaging a
small business.  

Prior totheformation ofSelect Actuarial Services, Ms. White wasan
Associate Consulting Actuary withSedgwick Actuarial Services whereshe
served forfourandahalfyears.  Prior tojoining Sedgwick in1994, she
worked fortheTennessee Department ofInsurance intheProperty and
Casualty Rating section.   

Ms. WhiteholdsaBachelor ofScience degree fromtheUniversity of
Mississippi inMathematics andaMaster ofScience degree from
Vanderbilt University inMathematics.  SheisaFellow oftheCasualty
Actuarial Society andaMember oftheAmerican Academy ofActuaries.   
Sheisanactive member oftheCASandcurrently serves onthe
Examination Committee oftheSociety.  

Claire Janaway

Ms. Janaway assists inproviding actuarial consulting services toawide
variety ofSelect’sclients, including studies inworkers compensation and
automobile, general, andproperty liabilities.  Ms. Janaway hasbeenwith
Select since January 2005.  

Ms. Janaway isactively pursuing membership intheCasualty Actuarial
Society, andhascompleted twooftherequired nineexaminations.  She
graduated cumlaude fromTennessee Technological University witha
Bachelor ofScience degree inMathematics andaminor inBusiness.  
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Section

3
RepresentativeExperience

Theproposed teammembers haveprovided projects similar tothe
proposed studies toalargenumber ofpublicandprivate entities.   
Representative projects include:  

ClientProjectContactTeam Member

VirginiaAssociationof AnnualReserve WayneFaddis MaryFrancesMiller
CountiesEvaluation, Forecastand VACoInsurancePrograms

PremiumAdequacy 5115BernardDrive
OpinionSuite103

Roanoke, Virginia 24018
540) 772-6972

NebraskaAssociationof AnnualReserveEvaluationSheriShonka CherylWhite
SchoolBoards andForecastforWC, SedgwickofNebraska

Liability, andPRlines 10909MillValleyRd #200
Omaha, Nebraska 68154
402) 496-2000

OklahomaMunicipal AnnualReserveEvaluationHaroldPumford CherylWhite
AssuranceGroup andForecastforGL, AL, 4130N. LincolnBlvd, SteA

APD, andPRlines OklahomaCity, OK 73105
405) 525-6624

CoxEnterprises, Inc. Semi-AnnualReserve SheliaClinton MaryFrancesMiller
EvaluationsandAnnual 1400LakeHearnDrive, NE
Forecastson WC, GL, AL, Atlanta, GA 30319
andGarageLiabilitylines ( 404) 843-5000

BlountCounty, Self-insuredlossandloss DonStallions ClaireJanaway
Tennessee adjustmentreserve BlountCountyTNGovernment

evaluationforWCliabilityin387CourtSt
Tennessee Maryville, TN37804-5906

865) 273-5772
MarionCounty, Oregon Reserveevaluationand SaraStevenson CherylWhite

lossforecastforWC, AL, MarionCountyRiskManagement
GLlines POBox14500

Salem, OR97309
503)-373-4426

SchoolDistrictofPalm Estimateofultimateand BrianMarinan CherylWhite
BeachCounty, Florida outstandinglossesforWC, PalmBeachCountySchoolBoard

GL, andALlines 3370ForestHillBlvd., SuiteA-106
WestPalmBeach, FL33406
561) 434-8634

OklahomaSchools Reserveevaluationand BruceJ. Wilson CherylWhite
InsuranceGroup outstandingpremium ArthurJGallagher & Co MaryFrancesMiller

estimateforAL, GL, APD, 1300SMain
andPRlines Tulsa, OK74119

918) 764-1673
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Executive Summary 

The purpose of this report is to provide the County of Roanoke, Virginia, 
with an evaluation of the liabilities associated with its retained workers 
compensation and general and automobile liability exposures. The specific 
objectives are (a) to evaluate reserves required as of December 31, 2017, 
to fund outstanding retained losses arising from accident periods from 
July 1, 1988, through December 31, 2017, for workers compensation 
claims, and July 1, 1994, through December 31, 2017, for automobile and 
general liability claims, (b) to project ultimate liabilities for the forecast 
period beginning July 1, 2018, through June 30, 2019, (c) to estimate 
required funding as of December 31, 2017, and to project funding 
requirements through the 2018/19 year; and (d) to provide estimated cash 
flow requirements for prior incurred claims and projected future claims by 
fiscal year. 

Key assumptions in this analysis include the use of: 

1) Historical reporting and payment patterns of the combined 
experience of the County and School Board, supplemented by 
those of the Virginia Association of Counties, to estimate ultimate 
workers compensation losses for past accident years; 

2) Virginia Association of Counties loss development statistics to 
estimate ultimate general and automobile liability losses for past 
accident years; 

3) External economic indices to estimate trends; 

4) Use of various statistical distributions to model the loss generating 
process and to measure the variability in the loss estimates; and 

5) A 2.5% rate of return in discounting outstanding losses. 

Table 1 following this executive summary displays the estimated ultimate 
limited losses, the limited reported and paid losses and the case reserves, 
along with undiscounted and discounted outstanding losses through 
December 31, 2017, as of December 31, 2017, for workers compensation 
and liability. Table 2 shows projected loss payments during the remainder 
of the 2017/18 year and the following ten fiscal years for each of the three 
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lines. Table 3 shows the required funding for each line if funding is set at 
the expected level. 

The graphs following this Executive Summary illustrate the results of this 
analysis. The top graphs show estimated ultimate losses for each policy 
period, divided into paid losses, adjusters’ reserves on known claims 
(case reserves) and unreported (IBNR) losses. Also shown are the 
forecasts for the remaining six months of 2017/18 and the 2018/19 and 
2019/20 years. The exposures are displayed as a line scaled on the right 
side of each graph.  

The bottom graphs illustrate the comparison of current projections of 
ultimate losses with estimates as displayed in our prior report. For each 
period displayed, the bars represent ultimate limited losses as of the date 
specified. 

Throughout the analysis we have estimated ultimate losses using data as 
of December 31, 2017. Unless otherwise specified, “losses” includes 
allocated expenses but not unallocated claims handling charges 
throughout this report. For liability, given the limited volume of data, we 
have relied on the Virginia Association of Counties paid loss experience to 
project the pattern of future payments. 

Workers Compensation 

Since the previous analysis, as of December 31, 2015, year to year 
experience for workers compensation was varied.  For claims occurring in 
older accident periods, prior to 2015/16, reported losses developed higher 
than projected. This adverse experience can be associated with large 
increases (between $25,000 and $160,000) on 16 claims. On the other 
hand, very favorable experience was observed for the 2015/16 accident 
period, which had reported losses come in 58% less than projected, 
offsetting some of the adverse experience for the older years. Results for 
the latest accident periods, 2016/17 and 2017/18, were essentially a wash 
with reported losses tracking higher than expected for 2016/17 and lower 
than expected for 2017/18.  Estimated ultimate losses for all years 
combined have been adjusted up $83,000 from estimates in the previous 
report. 

Estimated total required reserves for all periods (1988/89 through 
2017/18) as of December 31, 2017, are $2,064,000. The reserve estimate 
is made up of $823,000 in case reserves and $1,241,00 in incurred but not 
reported losses. Discounted at a rate of 2.5%, the value of the estimated 
outstanding losses is $1,852,000.  

Ultimate losses for the 2018/19 forecast period are estimated to be 
$787,000 at the expected level. This is based on an average loss cost 
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estimate of $1.47 per $100 of payroll and $53.5 million in projected 
payroll. The $1.47 estimate is a 4.5% decrease from the 2016/17 estimate 
of $1.54 selected in the previous actuarial report. Both claim frequency 
and the average cost per $100 payroll have come down in recent years. 
Favorable experience is more than offsetting the effects of inflation. For 
2018/19, we project a total of 104 claims at an average of $7,600 per 
claim. 

Automobile Liability 

With the exception of the 2012/13 accident year, year to year reported 
losses for automobile liability have emerged in line with, or below, 
projections. We note that claim #772012064162, from the 2012/13 period, 
increased $18,000 during the past 24 months and remains open as of 
December 31, 2017, with $26,085 in case reserves. All new claims that 
have been reported since the previous evaluation as of 
December 31, 2015, are small (under $10,000). For the 1994/95 through 
2017/18 years combined, reported losses are $51,000, or 6%, less than 
projected. Overall, selected ultimate losses have been decreased 
$66,000, or 6%, from estimates in the previous report. 

The total required reserve for all periods for automobile liability as of 
December 31, 2017, is $92,000. Taking into account the time value of 
money, discounted required reserves total $89,000. 

We project 18 claims for the 2018/19 year at an average cost of $4,200, 
resulting in forecast losses of $74,000. The projected cost per vehicle is 
$174. This is up from the previous selected rate for 2016/17 of $171 per 
vehicle. Favorable experience partially offset the effects of inflation. 

General Liability 

Overall reported losses for general liability have developed about $22,000 
higher than projected since December 31, 2015. This is almost entirely 
driven by the emergence of claim #772017184570 from the 2016/17 
accident year with reported losses totaling $35,000. As of 
December 31, 2017, this claim remains open with $9,456 in case 
reserves.  Development on other claims was minimal. Of the 35 new 
claims reported since December 31, 2015, 22 were closed with no 
payment. For all years through 2017/18 combined, we have increased our 
ultimate loss selection by $23,000. 

The estimated required reserve for general liability as of 
December 31, 2017, is $37,900. Discounted at a rate of 2.5%, the value of 
the estimated required reserve is $36,100.  
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For the 2018/19 year, we project about 7 claims, with a total cost of 
approximately $15,000. The projected cost per $10,000 of net operating 
expense is $3.34. 

It must be understood that the evaluation of ultimate levels of past 
liabilities requires estimation of future transactions. In projecting future 
loss emergence, we have assumed that historical patterns, with specific 
adjustments as noted, are predictive of future loss emergence. We have 
not anticipated any extraordinary changes to the legal, social, and 
economic environment that might affect the cost and frequency of all 
claims, again except as noted. Actual results may differ significantly from 
the estimates provided in this analysis. 
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Roanoke County Table WC-1

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H) (I)

Total

Selected Limited Limited Total Discount Discounted

Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at

Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

88-89 through 95-96 NA $1,365,074 $1,365,074 $0 $0 $0 1.000 $0

7/1/96-97 $445,183 $445,183 $445,183 $0 $0 $0 1.000 $0

7/1/97-98 $176,952 $176,952 $176,952 $0 $0 $0 1.000 $0

7/1/98-99 $372,377 $372,377 $372,377 $0 $0 $0 0.988 $0

7/1/99-00 $634,838 $634,838 $634,838 $0 $0 $0 0.965 $0

7/1/00-01 $335,000 $327,224 $332,102 $4,878 $3,000 $8,000 0.945 $8,000

7/1/01-02 $904,000 $840,191 $894,006 $53,815 $10,000 $64,000 0.928 $59,000

7/1/02-03 $307,000 $270,850 $302,776 $31,926 $4,000 $36,000 0.913 $33,000

7/1/03-04 $516,000 $478,540 $508,655 $30,115 $7,000 $37,000 0.899 $33,000

7/1/04-05 $405,000 $359,745 $398,446 $38,701 $7,000 $46,000 0.888 $41,000

7/1/05-06 $629,000 $592,637 $617,092 $24,454 $12,000 $36,000 0.879 $32,000

7/1/06-07 $807,000 $608,612 $789,023 $180,411 $18,000 $198,000 0.873 $173,000

7/1/07-08 $737,000 $634,082 $717,859 $83,777 $19,000 $103,000 0.868 $89,000

7/1/08-09 $799,000 $680,513 $774,538 $94,025 $24,000 $118,000 0.865 $102,000

7/1/09-10 $359,000 $345,315 $345,315 $0 $14,000 $14,000 0.865 $12,000

7/1/10-11 $1,540,000 $1,480,357 $1,506,068 $25,711 $34,000 $60,000 0.866 $52,000

7/1/11-12 $500,000 $428,011 $469,981 $41,970 $30,000 $72,000 0.870 $63,000

7/1/12-13 $753,000 $676,906 $697,693 $20,788 $55,000 $76,000 0.876 $67,000

7/1/13-14 $833,000 $697,441 $744,925 $47,484 $88,000 $135,000 0.884 $119,000

7/1/14-15 $989,000 $818,595 $845,313 $26,718 $144,000 $171,000 0.893 $153,000

7/1/15-16 $436,000 $272,878 $286,884 $14,006 $149,000 $163,000 0.905 $147,000

7/1/16-17 $951,000 $531,519 $620,434 $88,916 $331,000 $420,000 0.916 $385,000

7/1-12/31/17 $328,000 $20,747 $35,643 $14,896 $292,000 $307,000 0.925 $284,000

Total $13,757,000 $13,058,586 $13,881,176 $822,590 $1,241,000 $2,064,000 $1,852,000

96-97 through 12/31/17 $13,757,000 $11,693,512 $12,516,102 $822,590 $1,241,000 $2,064,000 $1,852,000

1/1-6/30/18 $328,000

Column (B):  Exhibit X; prorated for 7/1/17-18

Columns (C), (D):  Exhibit I, limited to retention

Column (E) = (D) - (C)

Column (F) = (B) - (D); judgmentally selected for 88/89 thorugh 95/96

Column (G) = (E) + (F)

Column (H):  Appendix D

Column (I) = (G) * (H)

Calculation of Required Reserves
As of December 31, 2017

RoCo WC 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Table WC-2

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 1/1-6/30/18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28

7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/00-01 $8,000 $300 $600 $500 $500 $400 $400 $300 $300 $300 $200 $200
7/1/01-02 $64,000 $2,700 $5,000 $4,300 $3,800 $3,400 $3,000 $2,700 $2,400 $2,200 $2,000 $1,800
7/1/02-03 $36,000 $1,600 $2,900 $2,600 $2,200 $2,000 $1,700 $1,500 $1,400 $1,200 $1,100 $1,000
7/1/03-04 $37,000 $1,800 $3,200 $2,700 $2,400 $2,100 $1,800 $1,600 $1,400 $1,300 $1,200 $1,000
7/1/04-05 $46,000 $2,400 $4,200 $3,600 $3,100 $2,700 $2,300 $2,000 $1,800 $1,600 $1,400 $1,300
7/1/05-06 $36,000 $2,000 $3,500 $2,900 $2,500 $2,100 $1,900 $1,600 $1,400 $1,300 $1,100 $1,000
7/1/06-07 $198,000 $11,600 $20,300 $17,000 $14,300 $12,200 $10,500 $9,100 $7,900 $7,000 $6,200 $5,500
7/1/07-08 $103,000 $6,500 $11,300 $9,300 $7,700 $6,500 $5,600 $4,800 $4,100 $3,600 $3,200 $2,800
7/1/08-09 $118,000 $8,200 $13,900 $11,300 $9,200 $7,700 $6,500 $5,500 $4,800 $4,100 $3,600 $3,200
7/1/09-10 $14,000 $1,100 $1,800 $1,400 $1,100 $900 $800 $700 $600 $500 $400 $400
7/1/10-11 $60,000 $5,000 $8,300 $6,400 $5,100 $4,100 $3,400 $2,800 $2,400 $2,000 $1,700 $1,500
7/1/11-12 $72,000 $6,700 $10,800 $8,200 $6,400 $5,100 $4,100 $3,400 $2,800 $2,400 $2,000 $1,700
7/1/12-13 $76,000 $7,900 $12,500 $9,200 $7,000 $5,400 $4,300 $3,500 $2,900 $2,400 $2,000 $1,700
7/1/13-14 $135,000 $16,100 $24,500 $17,400 $12,700 $9,700 $7,500 $6,000 $4,800 $4,000 $3,300 $2,800
7/1/14-15 $171,000 $23,400 $34,400 $23,400 $16,500 $12,100 $9,200 $7,200 $5,700 $4,600 $3,800 $3,200
7/1/15-16 $163,000 $25,800 $36,500 $23,500 $15,900 $11,300 $8,300 $6,300 $4,900 $3,900 $3,100 $2,600
7/1/16-17 $420,000 $75,000 $104,500 $64,100 $41,100 $27,900 $19,700 $14,500 $11,000 $8,500 $6,800 $5,500

7/1-12/31/17 $307,000 $56,900 $82,600 $50,800 $31,000 $20,000 $13,500 $9,600 $7,000 $5,300 $4,100 $3,300

Subtotal $2,064,000 $255,000 $381,000 $259,000 $183,000 $136,000 $105,000 $83,000 $68,000 $56,000 $47,000 $41,000

1/1-6/30/18 $328,000 $61,000 $88,000 $54,000 $33,000 $21,000 $14,000 $10,000 $8,000 $6,000 $4,000 $4,000
7/1/18-19 $787,000 -- $206,000 $192,000 $118,000 $72,000 $46,000 $31,000 $22,000 $16,000 $12,000 $10,000

Total $3,179,000 $316,000 $675,000 $505,000 $334,000 $229,000 $165,000 $124,000 $98,000 $78,000 $63,000 $55,000

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A2 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 12/31/17)]}.

Projection of Loss Payout
For the Next Ten Fiscal Years

RoCo WC 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Table WC-3

Workers Compensation

(1) Estimated Outstanding Losses as of 12/31/17 $2,064,000
{ Exhibit XII-1 }

(2) Forecast Losses for 1/1-6/30/18 $328,000
{ Exhibit XII-1 }

(3) Required Funding as of 12/31/17 $2,392,000
{ (1) + (2) }

(4) Projected Payments during 1/1-6/30/18 $316,000
{ Exhibit XIII-1 }

(5) Estimated Outstanding Losses as of 6/30/18 $2,076,000
{ (3) – (4) }

(6) Forecast Losses for 7/1/18-19 $787,000
{ Exhibit VI }

(7) Required Funding as of 6/30/18 $2,863,000
{ (5) + (6) }

(8) Projected Payments during 7/1/18-19 $675,000
{ Exhibit XIII-1 }

(9) Estimated Outstanding Losses as of 6/30/19 $2,188,000
{ (7) – (8) }

(10) Forecast Losses for 7/1/19-20 $809,000
{ Exhibit VI }

(11) Required Funding as of 6/30/19 $2,997,000
{ (9) + (10) }

Funding at the Expected Level

RoCo WC 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Table AL-1

Auto Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I)
Total

Selected Limited Limited Total Discount Discounted
Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at
Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

7/1/94-95 $3,353 $3,353 $3,353 $0 $0 $0 1.000 $0
7/1/95-96 $18,395 $18,395 $18,395 $0 $0 $0 1.000 $0
7/1/96-97 $13,214 $13,214 $13,214 $0 $0 $0 1.000 $0
7/1/97-98 $19,700 $19,700 $19,700 $0 $0 $0 1.000 $0
7/1/98-99 $11,376 $11,376 $11,376 $0 $0 $0 1.000 $0
7/1/99-00 $15,316 $15,316 $15,316 $0 $0 $0 1.000 $0
7/1/00-01 $32,819 $32,819 $32,819 $0 $0 $0 1.000 $0
7/1/01-02 $116,482 $116,482 $116,482 $0 $0 $0 1.000 $0
7/1/02-03 $17,543 $17,543 $17,543 $0 $0 $0 1.000 $0
7/1/03-04 $35,067 $35,067 $35,067 $0 $0 $0 1.000 $0
7/1/04-05 $123,899 $123,899 $123,899 $0 $0 $0 1.000 $0
7/1/05-06 $42,764 $42,764 $42,764 $0 $0 $0 1.000 $0
7/1/06-07 $66,223 $66,223 $66,223 $0 $0 $0 1.000 $0
7/1/07-08 $23,803 $23,803 $23,803 $0 $0 $0 1.000 $0
7/1/08-09 $26,281 $26,281 $26,281 $0 $0 $0 1.000 $0
7/1/09-10 $30,280 $30,280 $30,280 $0 $0 $0 1.000 $0
7/1/10-11 $4,321 $4,321 $4,321 $0 $0 $0 1.000 $0
7/1/11-12 $45,045 $45,045 $45,045 $0 $0 $0 1.000 $0
7/1/12-13 $89,000 $61,905 $87,990 $26,085 $1,000 $27,000 0.988 $26,700
7/1/13-14 $27,294 $27,294 $27,294 $0 $0 $0 0.976 $0
7/1/14-15 $17,861 $17,861 $17,861 $0 $0 $0 0.972 $0
7/1/15-16 $58,000 $46,689 $46,689 $0 $11,000 $11,000 0.969 $10,700
7/1/16-17 $51,000 $25,478 $25,478 $0 $26,000 $26,000 0.965 $25,100

7/1-12/31/17 $36,000 $7,647 $11,929 $4,282 $24,000 $28,000 0.958 $26,800

Total $925,000 $832,758 $863,124 $30,366 $62,000 $92,000 $89,000

1/1-6/30/18 $35,000

Column (B):  Exhibit X; prorated for 7/1/17-18
Columns (C), (D):  Exhibit IX
Column (E) = (D) - (C)
Column (F) = (B) - (D)
Column (G) = (E) + (F)
Column (H):  Appendix D
Column (I) = (G) * (H)

Calculation of Required Reserves
As of December 31, 2017

RoCo AL 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Table AL-2

Auto Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 1/1-6/30/18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28

7/1/94-95 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/95-96 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/00-01 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/01-02 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/02-03 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/03-04 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/04-05 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/05-06 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/06-07 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/07-08 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/08-09 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/09-10 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/10-11 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/11-12 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/12-13 $27,000 $27,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/13-14 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/14-15 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/15-16 $11,000 $3,400 $4,100 $1,800 $1,600 $0 $0 $0 $0 $0 $0 $0
7/1/16-17 $26,000 $6,500 $10,000 $5,200 $2,300 $2,000 $0 $0 $0 $0 $0 $0

7/1-12/31/17 $28,000 $5,100 $9,100 $7,100 $3,600 $1,600 $1,400 $0 $0 $0 $0 $0

Subtotal $92,000 $42,000 $23,200 $14,100 $7,500 $3,600 $1,400 $0 $0 $0 $0 $0

1/1-6/30/18 $35,000 $6,000 $11,300 $8,800 $4,600 $2,000 $1,800 $0 $0 $0 $0 $0
7/1/18-19 $76,000 -- $20,400 $22,100 $17,200 $8,900 $4,000 $3,500 $0 $0 $0 $0

Total $203,000 $48,000 $54,900 $45,000 $29,300 $14,500 $7,200 $3,500 $0 $0 $0 $0

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A2 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 12/31/17)]}.

Projection of Loss Payout
For the Next Ten Fiscal Years

RoCo AL 17     JAP 2/19/2018 Select Actuarial Services

Page 12 of 110 



Roanoke County Table AL-3

Auto Liability

(1) Estimated Outstanding Losses as of 12/31/17 $92,000
{ Exhibit XII-1 }

(2) Forecast Losses for 1/1-6/30/18 $35,000
{ Exhibit XII-1 }

(3) Required Funding as of 12/31/17 $127,000
{ (1) + (2) }

(4) Projected Payments during 1/1-6/30/18 $48,000
{ Exhibit XIII-1 }

(5) Estimated Outstanding Losses as of 6/30/18 $79,000
{ (3) – (4) }

(6) Forecast Losses for 7/1/18-19 $74,000
{ Exhibit VI }

(7) Required Funding as of 6/30/18 $153,000
{ (5) + (6) }

(8) Projected Payments during 7/1/18-19 $55,000
{ Exhibit XIII-1 }

(9) Estimated Outstanding Losses as of 6/30/19 $98,000
{ (7) – (8) }

(10) Forecast Losses for 7/1/19-20 $76,000
{ Exhibit VI }

(11) Required Funding as of 6/30/19 $174,000
{ (9) + (10) }

Funding at the Expected Level

RoCo AL 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Table GL-1

General Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I)
Total

Selected Limited Limited Total Discount Discounted
Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at
Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

7/1/94-95 $1,216 $1,216 $1,216 $0 $0 $0 1.000 $0
7/1/95-96 $70 $70 $70 $0 $0 $0 1.000 $0
7/1/96-97 $1,745 $1,745 $1,745 $0 $0 $0 1.000 $0
7/1/97-98 $5,850 $5,850 $5,850 $0 $0 $0 1.000 $0
7/1/98-99 $36,007 $36,007 $36,007 $0 $0 $0 1.000 $0
7/1/99-00 $28,350 $28,350 $28,350 $0 $0 $0 1.000 $0
7/1/00-01 $3,429 $3,429 $3,429 $0 $0 $0 1.000 $0
7/1/01-02 $3,276 $3,276 $3,276 $0 $0 $0 1.000 $0
7/1/02-03 $23,269 $23,269 $23,269 $0 $0 $0 1.000 $0
7/1/03-04 $9,501 $9,501 $9,501 $0 $0 $0 1.000 $0
7/1/04-05 $298 $298 $298 $0 $0 $0 1.000 $0
7/1/05-06 $0 $0 $0 $0 $0 $0 1.000 $0
7/1/06-07 $1,417 $1,417 $1,417 $0 $0 $0 1.000 $0
7/1/07-08 $15,813 $15,813 $15,813 $0 $0 $0 1.000 $0
7/1/08-09 $17,156 $17,156 $17,156 $0 $0 $0 1.000 $0
7/1/09-10 $544 $544 $544 $0 $0 $0 1.000 $0
7/1/10-11 $1,380 $1,380 $1,380 $0 $0 $0 1.000 $0
7/1/11-12 $103 $103 $103 $0 $0 $0 1.000 $0
7/1/12-13 $0 $0 $0 $0 $0 $0 0.988 $0
7/1/13-14 $5,858 $5,858 $5,858 $0 $0 $0 0.972 $0
7/1/14-15 $50 $50 $50 $0 $0 $0 0.963 $0
7/1/15-16 $13,700 $7,129 $7,129 $0 $6,600 $6,600 0.958 $6,300
7/1/16-17 $54,300 $28,813 $46,425 $17,612 $7,900 $25,500 0.953 $24,300

7/1-12/31/17 $6,900 $1,109 $1,109 $0 $5,800 $5,800 0.945 $5,500

Total $230,200 $192,382 $209,994 $17,612 $20,300 $37,900 $36,100

1/1-6/30/18 $6,800

Column (B):  Exhibit X; prorated for 7/1/17-18
Columns (C), (D):  Exhibit IX
Column (E) = (D) - (C)
Column (F) = (B) - (D)
Column (G) = (E) + (F)
Column (H):  Appendix D
Column (I) = (G) * (H)

Calculation of Required Reserves
As of December 31, 2017

RoCo GL 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Table GL-2

General Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 1/1-6/30/18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28

7/1/94-95 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/95-96 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/00-01 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/01-02 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/02-03 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/03-04 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/04-05 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/05-06 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/06-07 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/07-08 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/08-09 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/09-10 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/10-11 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/11-12 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/12-13 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/13-14 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/14-15 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/15-16 $6,600 $1,400 $2,000 $1,100 $2,100 $0 $0 $0 $0 $0 $0 $0
7/1/16-17 $25,500 $4,800 $7,800 $4,900 $2,800 $5,200 $0 $0 $0 $0 $0 $0

7/1-12/31/17 $5,800 $700 $1,600 $1,300 $800 $500 $900 $0 $0 $0 $0 $0

Subtotal $37,900 $6,900 $11,400 $7,300 $5,700 $5,700 $900 $0 $0 $0 $0 $0

1/1-6/30/18 $6,800 $900 $1,900 $1,500 $900 $600 $1,000 $0 $0 $0 $0 $0
7/1/18-19 $15,300 -- $2,800 $4,000 $3,200 $2,000 $1,200 $2,100 $0 $0 $0 $0

Total $60,000 $7,800 $16,100 $12,800 $9,800 $8,300 $3,100 $2,100 $0 $0 $0 $0

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A2 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 12/31/17)]}.

Projection of Loss Payout
For the Next Ten Fiscal Years

RoCo GL 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Table GL-3

General Liability

(1) Estimated Outstanding Losses as of 12/31/17 $37,900
{ Exhibit XII-1 }

(2) Forecast Losses for 1/1-6/30/18 $6,800
{ Exhibit XII-1 }

(3) Required Funding as of 12/31/17 $44,700
{ (1) + (2) }

(4) Projected Payments during 1/1-6/30/18 $7,800
{ Exhibit XIII-1 }

(5) Estimated Outstanding Losses as of 6/30/18 $36,900
{ (3) – (4) }

(6) Forecast Losses for 7/1/18-19 $15,000
{ Exhibit VI }

(7) Required Funding as of 6/30/18 $51,900
{ (5) + (6) }

(8) Projected Payments during 7/1/18-19 $16,100
{ Exhibit XIII-1 }

(9) Estimated Outstanding Losses as of 6/30/19 $35,800
{ (7) – (8) }

(10) Forecast Losses for 7/1/19-20 $15,300
{ Exhibit VI }

(11) Required Funding as of 6/30/19 $51,100
{ (9) + (10) }

Funding at the Expected Level

RoCo GL 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County WC Graphs
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Roanoke County AL Graphs
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Roanoke County GL Graphs
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Introduction 

Select Actuarial Services has prepared this report for Roanoke County, 
Virginia (hereinafter referred to as “the County”) at the request of 
Ms. Rebecca Owens, Director of Finance for Roanoke County. The 
specific objectives are (a) to evaluate reserves required as of 
December 31, 2017, to fund outstanding retained losses arising from 
accident periods from July 1, 1988, through December 31, 2017, for 
workers compensation claims, and July 1, 1994, through 
December 31, 2017, for automobile and general liability claims; (b) to 
project ultimate liabilities for the forecast period beginning July 1, 2018, 
through June 30, 2019; (c) to estimate required funding as of 
December 31, 2017, and to project funding requirements through the 
2018/19 year; and (d) to provide estimated cash flow requirements for 
prior incurred claims and projected future claims by fiscal year. 

This report is an actuarial analysis of data, conditions, and practices 
communicated as of February 14, 2018, to Select Actuarial Services as 
described in the section entitled “Considerations.” While Select Actuarial 
Services believes these communications to be reliable, it has not 
attempted to audit the information and cannot guarantee the accuracy of 
any information supplied. However, the data have been reviewed for 
reasonableness and consistency through comparison with the prior 
analysis. The estimates in this report are based upon appropriate actuarial 
assumptions and procedures described in the section of this report entitled 
“Analysis.” Select Actuarial Services assumes no responsibility for any 
loss or damage that might arise from the use of or reliance upon this 
report other than for the purposes set forth herein. 

This report was prepared for the use of and is only to be relied upon by 
Roanoke County. This report also may be provided to the County's 
auditors, insurance brokers, and risk manager. No portion of the report 
may be provided to any other party without Select Actuarial Services' prior 
written consent. In the event such consent is provided, the report must be 
provided in its entirety. We recommend that any such party have its own 
actuary review this report to ensure that the party understands the 
assumptions and uncertainties inherent in our estimates. 
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Mary Frances Miller is a Fellow of the Casualty Actuarial Society and a 
Member of the American Academy of Actuaries. Jack Pipa is an Associate 
of the Casualty Actuarial Society and a Member of the American Academy 
of Actuaries. Both actuaries meet the Qualification Standards of the 
American Academy of Actuaries to render actuarial opinions for 
property/casualty reserves. This report is prepared in accordance with 
Actuarial Standard of Practice No. 43, Property/Casualty Unpaid Claim 
Estimates. 
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Considerations 

Appropriate actuarial methods for performing a reserve evaluation and 
forecast can only be identified in light of the coverage involved, claims 
information available, and other considerations. Key considerations 
motivating the selection of techniques employed in this analysis are set 
forth below. 

Workers Compensation 

The County has retained risk for its workers compensation exposures 
since July 1, 1986. Retentions and limits are shown in Table C­1. As of 
December 31, 2017, ten claims have exceeded the County’s retention: 
one in accident year 88/89, one in 92/93, two in 93/94, one in 96/97, one 
in 98/99, two in 99/00, and two in 10/11. 

Table C-1 

Accident Year 
All Time per Accident 

Retention 

7/1/86 ­ 01 $250,000 

7/1/01 ­ 03 $300,000 

7/1/03 ­ 05 $350,000 

7/1/05 ­ 11 $400,000 

7/1/11 ­ 13 $450,000 

7/1/13 ­ 14 $500,000 

7/1/14 ­ 15 $500,000* 

7/1/15 ­ present $200,000 

* SIR for Emergency Codes is $550,000 
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Automobile Liability and General Liability 

The County’s retention of risk for liability dates to July 1, 1987. Retentions 
are displayed in Table C­2. No claims have exceeded the applicable 
retentions. 

Table C-2 

Accident Year 
All Time per Accident 

Retention 

7/1/87 ­ 91 $1,000,000 

7/1/91 ­ 94 $300,000 

7/1/94 ­ 96 $325,000 

7/1/96 ­ present $250,000 

 

Available Data 

Loss information was provided by Mr. Chris Carey, VACORP. Workers 
compensation claims were administered by Trigon Administrators, Inc., 
through December 31, 1997, for claims incurred through June 30, 1996. 
Landin, Inc., began administering claims on July 1, 1996, for claims 
incurred after that date, and took over administration of prior claims on 
January 1, 1998. Claims for the 99/00 year were administered by Zurich 
while claims occurring during the 00/01 year were administered by ERC. 
Midwest administered claims for the accident years 01/02 through 03/04 
until ERC once again administered claims for the 04/05 year. July 1, 2005, 
and subsequent claims have been handled by the Virginia Association of 
Counties, and all open claims are now administered by the Association. 
Loss data included:  

 reported and paid losses on an individual claim basis evaluated as 
of June 30, 2017, and as of December 31, 2017, for workers 
compensation. Only partial data were included for 2000/01 and 
prior claims, but all open claims were included in the listing. 

 a listing of all claims evaluated as of December 31, 2017, for auto 
and general liability claims.  

 Exposure information for workers compensation in the form of 
payroll, for automobile liability in the form of vehicle counts, and for 
general liability in the form of net operating expenses was provided 
by Mr. Chris Carey, VACORP. 
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Development 

Development is defined as the change over time in certain quantities 
pertaining to a given set of incidents. As claims for a given program year 
are reported, adjusted, litigated, and ultimately paid out, the number of 
claims, along with the paid losses and case reserves on those claims, will 
change. 

Ideally, a client’s own development patterns should be utilized in order to 
reflect its unique claims reporting procedures, claims administration 
arrangements, and settlement philosophy. Because the historical losses 
are available at multiple evaluation dates, it was possible to analyze 
Roanoke County’s own workers compensation development experience. 
County and School Board workers compensation losses have been 
combined in order to increase the volume of data upon which 
development selections are made. To improve the stability of the 
estimates, factors based on Virginia Association of Counties statistics are 
also given weight in the selection of development factors. The selected 
development patterns are shown in Appendix A.  

Due to the low volume of automobile and general liability claims, 
development factors for these lines are based on the experience of the 
Virginia Association of Counties. The Virginia Association of Counties 
handles the claims. 

Trends and External Influences 

Trends are defined as changes over time in underlying claims costs. 
Trend factors are used to adjust losses and exposures from past years to 
the level at which they would have been, had they occurred during a future 
period. This is vital since historical losses may have occurred in a different 
environment in terms of both monetary inflation and benefit levels. In this 
analysis, trends have been measured by examining changes in the 
Employment Cost Index and Consumer Price Index as complied by the 
U.S. Department of Labor and U.S. Claims Cost Indices as compiled by 
Willis Towers Watson. 

Loss Models 

Statistical distributions are often used by the insurance industry to model 
the loss generating process. In this analysis, the lognormal probability 
distribution has been used to model limited ultimate losses. This technique 
allows for the projection of ultimate losses at various confidence levels or 
percentiles. The variation estimated in this modeling technique is the 
variation inherent in the historical experience; it does not include potential 
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variation due to unanticipated changes in the environment or to 
misestimation of parameters. 

For the periods beginning July 1, 2018, and July 1, 2019, aggregate small 
losses for the forecast period are modeled by the lognormal probability 
distribution. Large claim frequencies are modeled by a Poisson 
distribution. The inverse Weibull distribution is used to model large claim 
severities. 

Actuarial Central Estimate 

The estimates of ultimate losses at the “expected” or “selected” level in 
this analysis are actuarial central estimates ­ estimates that represent an 
expected value over the range of reasonably possible outcomes. Such 
range of reasonably possible outcomes may not include all conceivable 
outcomes. For example, it would not include conceivable extreme events 
where the contribution of such events to an expected value estimate is not 
reliably measurable. 

Subrogation and Recoveries 

Subrogation and recoveries are reflected in the primary loss reports. 
Recoveries were infrequent, and did not provide a basis for estimating 
potential recoveries over and above those reflected in the loss runs. 
Accordingly, no explicit reductions for collateral sources have been 
incorporated into the estimates. 
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Analysis 

Actuarial procedures employed to project ultimate and outstanding losses 
consist of a number of steps, and can be summarized as follows: 

 Combined County and School Board paid and reported loss 
development patterns for workers compensation are analyzed and 
supplemented by insurance industry experience to estimate future 
development on past accident periods through December 31, 2017. 

 Paid and reported loss development patterns for automobile and 
general liabilities, based on the Virginia Association of Counties’ 
experience, are used to estimate future development on past 
accident periods through December 31, 2017. 

 Losses for past years are adjusted by trend factors and related to 
the level of their underlying exposures to derive ultimate adjusted 
pure premiums. 

 The historical pure premiums for “small” losses are used to 
determine a forecast “small” loss pure premium and forecast 
ultimate “small” losses for the upcoming periods. 

 The historical frequencies for “large” losses are used to determine a 
forecast frequency and when combined with estimated “large” loss 
severity, forecast ultimate “large” losses for the upcoming periods. 

 Paid losses deducted from ultimate losses to derive estimated 
outstanding losses, which are then discounted to reflect anticipated 
investment income. 

Exhibits representing the various steps in the process are explained in this 
section of the report. 
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Exhibit I 

Exhibit I displays a summary of the historical reported claims information 
as of the most recent evaluation date. Paid losses, reported losses, claim 
counts, and exposures are displayed for each accident year. 

Exhibit II 

Exhibit II displays a listing of claims which exceed $50,000/$30,000 for 
workers compensation/liability.  

Exhibit III 

Exhibit III shows the estimation of ultimate losses less than $100,000 
($50,000 for liability) trended to the 2018/19 accident year level. Historical 
losses are developed to ultimate using the loss development factors 
derived in Appendix A. Losses in Exhibit III are also trended to reflect the 
increase in claim costs to the mid point of the forecast year. Appendix B 
presents the derivation of trend factors utilized in this analysis. 

Exhibit IV 

In Exhibit IV, adjusted ultimate losses less than $100,000/$50,000 from 
prior years are restated on a common basis: that is, per adjusted unit 
exposure, or as pure premiums. These pure premiums provide a basis of 
comparison across accident years since all experience has been adjusted 
to an ultimate, common inflationary, per exposure level. Then a pure 
premium that best represents the 2018/19 forecast year is selected. This 
selected pure premium is multiplied by the forecast period's exposures to 
derive an estimate of the projected ultimate losses less than 
$100,000/$50,000 for the 2018/19 accident year. 

Exhibit V (Workers Compensation and Auto Liability Only) 

This exhibit summarizes the calculation of the expected number of large 
claims for the forecast period. The numbers of claims exceeding $100,000 
($50,000 for Auto Liability) are developed to ultimate and related to the 
applicable level of exposure to derive frequency rates. A frequency rate 
based on the observed historical frequencies is selected and applied to 
the respective projected exposure to derive the forecast number of large 
claims for 2018/19. 

Given the small volume of the general liability line, the expected number of 
large claims exceeding $50,000 is based on a combination of Roanoke 
County and Virginia Association of Counties experience. 
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Exhibit VI 

On this exhibit, the forecast number of large claims is multiplied by the 
expected large claim severity to determine the forecast losses for claims 
over $100,000/$50,000 limited to the forecast per occurrence retention 
level. The expected large claim severity for workers compensation is 
based on fitting the claims in Exhibit II to a loss severity distribution. For 
automobile and general liability, the expected severity of large claims 
exceeding $50,000 is based on the Virginia Association of Counties large 
claim experience. The large claim forecast is then combined with the 
forecast losses for claims less than $100,000/$50,000 from Exhibit IV to 
determine the ground­up loss forecast for the 2018/19 period. The 
2018/19 loss forecast is then adjusted for trend to determine the 
ground­up loss forecast for the 2016/17, 2017/18, and 2019/20 periods.  

Exhibit VII 

The distribution shown in this exhibit provides a measure of the variability 
or risk underlying the forecast. The results displayed are derived based on 
statistical modeling of each of the components of the loss forecast. 
Suitable distributions were selected as best fits, and these distributions 
were then combined to derive the forecast losses at various percentiles or 
confidence levels. The variation estimated in this modeling technique is 
the variation inherent in the historical experience; it does not include 
potential variation due to unanticipated changes in the environment or to 
misestimation of parameters. 

Exhibit VIII 

Exhibit VIII shows the estimation of ultimate losses using the loss 
development methods. Losses are projected by accident year using both 
reported and paid loss development methods, taking per occurrence 
retentions into account. 

The methods are based on reported and paid losses as of 
December 31, 2017, and the development factors derived in Appendix A. 
Large losses are first deducted from the total. The result is then developed 
to ultimate and a provision for the large losses is added back to this 
ultimate. 

Exhibit IX 

Exhibit IX estimates ultimate losses using the paid and reported 
Bornhuetter/Ferguson techniques. These methods, also referred to as the 
estimated unpaid and estimated unreported methods, combine the prior 
estimate of ultimate losses for each year with current paid and reported 
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losses to produce a blended estimate which places less emphasis on the 
most recent changes in the loss data. 

Exhibit X 

In Exhibit X, the results of the various techniques for estimating ultimate 
losses are summarized, and selections are made based upon the 
consistency of the results with one another and with losses reported to 
date. 

Exhibit XI 

Claim frequencies, shown in Exhibit XI, Page 1, are calculated by 
developing reported claims to ultimate and relating them to their 
underlying exposures.  

Average claim size is shown in Exhibit XI, Page 2. This is the ratio of 
selected ultimate losses and ultimate claim counts. Cost per exposure is 
also shown for all lines. 

Exhibit XII 

Outstanding losses as of December 31, 2017, are estimated in page 1 of 
Exhibit XII. Outstanding losses are the difference between estimated 
ultimate losses and losses paid for each period. Similarly, unreported 
(IBNR) losses are the difference between estimated ultimate losses and 
losses reported to date. The estimated outstanding losses are also 
provided on a discounted basis at a rate of 2.5% using discount factors 
derived in Appendix D. 

Page 2 shows estimated outstanding losses at various percentiles of the 
aggregate distribution for all accident periods through December 31, 2017. 
The aggregate distribution of these years is based on the observed 
variation in prior years’ development. 

Exhibit XIII 

Page 1 projects loss payments during the remainder of the 2017/18 year 
and the following ten fiscal years. Projected payments are based on the 
outstanding and forecast losses as of December 31, 2017, along with the 
paid loss development patterns used throughout the analysis.  

Page 2 shows projected paid losses at different percentiles of the 
aggregate distribution for accident years 1996/97 through 2018/19 
(1994/95 through 2018/19 for liability). 
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Exhibit XIV 

Exhibit XIV compares the results of this analysis with those of the previous 
analysis, as of December 31, 2015. Using loss and development 
information available as of the previous report’s evaluation, the expected 
paid and reported losses as of the latest evaluation are calculated. These 
estimated amounts are compared to the actual paid and reported losses 
as of the latest evaluation, to determine if the loss experience has 
developed as expected. Also included on this exhibit is a comparison of 
the ultimate losses for each analysis. 

Exhibit XV 

Exhibit XV shows the required funding as of December 31, 2017, 
June 30, 2018, and June 30, 2019, if funding is set at the expected level. 
Required funding is based on the estimated outstanding and forecast 
losses, and projected payments over the next 18 months. 
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Exhibits: Workers Compensation 

The “Analysis” section of this report presents a discussion of the following 
exhibits: 

Exhibit I Summary of Experience 

Exhibit II Summary of Claims Over $50,000 

Exhibit III Estimation of Ultimate Small Losses at 7/1/18­19 Cost Level 

Exhibit IV Calculation of Forecast Small Losses 

Exhibit V Calculation of Forecast Number of Large Losses 

Exhibit VI Calculation of Forecast Losses 

Exhibit VII Forecast Losses at Various Confidence Levels 

Exhibit VIII Estimation of Ultimate Losses: Loss Development Methods 

Exhibit IX Estimation of Ultimate Losses: Bornhuetter/Ferguson Methods 

Exhibit X Selection of Ultimate Limited Loss Estimates 

Exhibit XI 
Estimated Ultimate Claims 

Estimation of Claim Severities 

Exhibit XII 
Calculation of Required Reserves 

Estimated Outstanding Losses at Various Confidence Levels 

Exhibit XIII 
Projection of Loss Payments Over the Next Ten Years 

Projected Payment Pattern at Various Confidence Levels 

Exhibit XIV Comparison of Results: Current to Prior Estimates 

Exhibit XV Required Funding 
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Roanoke County Exhibit I

Workers Compensation

(B) (C) (D) (E) (F) (G) (H) (I)

Gross Net Net Exposure

Evaluation Maturity Reported Paid Paid Reported (Payroll -

Begin End Date (months) Claims Losses Collections Losses Losses Thousands)+

7/1/1988 6/30/1989 12/31/2017 354 2 $662,121 $59,835 $602,286 $703,177

7/1/1989 6/30/1990 12/31/2017 342 0 $0 $0 $0 $0

7/1/1990 6/30/1991 12/31/2017 330 2 $537 $0 $537 $537

7/1/1991 6/30/1992 12/31/2017 318 1 $0 $0 $0 $0

7/1/1992 6/30/1993 12/31/2017 306 1 $364,231 $1,122 $363,109 $380,561

7/1/1993 6/30/1994 12/31/2017 294 3 $742,616 $2,040 $740,576 $771,423

7/1/1994 6/30/1995 12/31/2017 282 7 $138,971 $277 $138,694 $138,694

7/1/1995 6/30/1996 12/31/2017 270 7 $69,792 $0 $69,792 $69,792

7/1/1996 6/30/1997 12/31/2017 258 134 $481,456 $0 $481,456 $481,456 $23,656

7/1/1997 6/30/1998 12/31/2017 246 123 $176,952 $0 $176,952 $176,952 $24,923

7/1/1998 6/30/1999 12/31/2017 234 122 $381,724 $201 $381,523 $381,523 $26,231

7/1/1999 6/30/2000 12/31/2017 222 168 $826,380 $122,924 $703,456 $879,116 $27,569

7/1/2000 6/30/2001 12/31/2017 210 121 $327,279 $55 $327,224 $332,102 $29,620

7/1/2001 6/30/2002 12/31/2017 198 159 $841,413 $1,222 $840,191 $894,006 $31,807

7/1/2002 6/30/2003 12/31/2017 186 113 $274,792 $3,942 $270,850 $302,776 $33,303

7/1/2003 6/30/2004 12/31/2017 174 128 $479,984 $1,443 $478,540 $508,655 $34,870

7/1/2004 6/30/2005 12/31/2017 162 108 $362,563 $2,818 $359,745 $398,446 $34,727

7/1/2005 6/30/2006 12/31/2017 150 103 $598,303 $5,666 $592,637 $617,092 $34,401

7/1/2006 6/30/2007 12/31/2017 138 103 $615,053 $6,441 $608,612 $789,023 $36,539

7/1/2007 6/30/2008 12/31/2017 126 120 $711,614 $77,533 $634,082 $717,859 $39,352

7/1/2008 6/30/2009 12/31/2017 114 103 $684,946 $4,433 $680,513 $774,538 $43,368

7/1/2009 6/30/2010 12/31/2017 102 105 $346,876 $1,562 $345,315 $345,315 $45,078

7/1/2010 6/30/2011 12/31/2017 90 114 $1,777,445 $178,898 $1,598,547 $1,692,040 $46,606

7/1/2011 6/30/2012 12/31/2017 78 102 $430,512 $2,501 $428,011 $469,981 $44,985

7/1/2012 6/30/2013 12/31/2017 66 116 $681,258 $4,352 $676,906 $697,693 $47,804

7/1/2013 6/30/2014 12/31/2017 54 108 $699,205 $1,764 $697,441 $744,925 $48,000

7/1/2014 6/30/2015 12/31/2017 42 123 $819,751 $1,156 $818,595 $845,313 $48,387

7/1/2015 6/30/2016 12/31/2017 30 90 $282,144 $9,266 $272,878 $286,884 $52,777

7/1/2016 6/30/2017 12/31/2017 18 97 $535,167 $3,648 $531,519 $620,434 $56,170

7/1/2017 6/30/2018 12/31/2017 6 53 $20,747 $0 $20,747 $35,643 $52,427

7/1/2018 6/30/2019 $53,476

7/1/2019 6/30/2020 $54,546

Total 2,536 $14,333,834 $493,100 $13,840,734 $15,055,956 $970,623

*  Loss and exposure information supplied by VACO; loss data incomplete for 1995/96 and prior

+ Estimated for 2017-18 through 2019-20

Summary of Experience*

(A)

Period

RoCo WC 17     JAP 2/19/2018 Select Actuarial Services

Page 32 of 110 



Roanoke County Exhibit II

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H) (I)

Net Net Severity Trend Trended
Claim Accident Paid Reported Historical Development Developed Factor Developed

Number Date Losses Losses Retention Factor Losses to 7/1/18-19 Losses

WC077014933 9/13/1988 $73,783 $73,783 $250,000 1.004 $74,060 3.019 $223,616
WC077014318 6/15/1989 $528,503 $629,394 $250,000 1.004 $631,756 3.019 $1,907,518

WC077014648 3/22/1993 $363,109 $380,561 $250,000 1.005 $382,448 2.469 $944,279

WC077014938 7/7/1993 $330,435 $330,435 $250,000 1.005 $332,203 2.381 $790,866
WC077014654 4/13/1994 $327,873 $358,721 $250,000 1.005 $360,640 2.381 $858,567

231-76-2134 6/28/1994 $82,267 $82,267 $250,000 1.005 $82,707 2.381 $196,899

WC077016258 10/11/1994 $86,294 $86,294 $250,000 1.006 $86,794 2.331 $202,305
223-72-8520 10/24/1994 $51,704 $51,704 $250,000 1.006 $52,003 2.331 $121,213

266-48-3605 7/29/1995 $58,067 $58,067 $250,000 1.006 $58,432 2.269 $132,592

WC077014248 11/14/1996 $286,273 $286,273 $250,000 1.007 $288,237 2.186 $630,212
229-64-5563 12/6/1996 $85,752 $85,752 $250,000 1.007 $86,340 2.186 $188,778

WC077014731 3/27/1998 $90,266 $90,266 $250,000 1.008 $90,943 2.102 $191,133

WC077014928 7/26/1998 $259,146 $259,146 $250,000 1.008 $261,286 2.020 $527,909

WC077014629 3/22/2000 $255,462 $420,890 $250,000 1.009 $424,729 1.935 $821,801
WC077014732 3/28/2000 $313,156 $323,388 $250,000 1.009 $326,337 1.935 $631,425

WC077014935 8/10/2000 $135,059 $135,059 $250,000 1.010 $136,427 1.856 $253,142
WC077016521 11/10/2000 $117,456 $122,333 $250,000 1.010 $123,573 1.856 $229,290

WC077016015 7/3/2001 $51,593 $88,280 $300,000 1.011 $89,279 1.777 $158,663
228-15-9736 7/14/2001 $59,982 $59,982 $300,000 1.011 $60,661 1.777 $107,804

WC077014383 12/5/2001 $172,064 $189,192 $300,000 1.011 $191,334 1.777 $340,029
229-02-7534 3/28/2002 $60,804 $60,804 $300,000 1.011 $61,492 1.777 $109,280

WC077021974 4/4/2002 $94,920 $94,920 $300,000 1.011 $95,995 1.777 $170,597
WC077014539 5/8/2002 $112,245 $112,245 $300,000 1.011 $113,515 1.777 $201,734
228-70-5155 5/21/2002 $71,164 $71,164 $300,000 1.011 $71,969 1.777 $127,901

WC077014402 9/11/2002 $124,667 $156,593 $300,000 1.013 $158,586 1.689 $267,901
WC077014927 11/26/2002 $64,446 $64,446 $300,000 1.013 $65,266 1.689 $110,255

WC077015459 2/17/2004 $59,509 $84,027 $350,000 1.014 $85,240 1.603 $136,678
WC077014249 6/14/2004 $146,869 $146,869 $350,000 1.014 $148,989 1.603 $238,897
WC077014595 6/17/2004 $93,425 $99,022 $350,000 1.014 $100,451 1.603 $161,069

WC077014278 7/6/2004 $179,034 $217,735 $350,000 1.016 $221,326 1.524 $337,207
WC077014323 4/28/2005 $72,506 $72,506 $350,000 1.016 $73,702 1.524 $112,290

WC077017076 11/18/2005 $192,439 $200,684 $400,000 1.019 $204,506 1.452 $296,973
WC077016396 11/21/2005 $58,792 $58,792 $400,000 1.019 $59,912 1.452 $87,001
WC077020699 5/25/2006 $135,406 $151,615 $400,000 1.019 $154,503 1.452 $224,361

WC077020620 8/17/2006 $104,478 $104,478 $400,000 1.022 $106,802 1.406 $150,138
WC077020505 9/11/2006 $2,287 $51,672 $400,000 1.022 $52,821 1.406 $74,254
WC077020602 9/18/2006 $135,143 $135,143 $400,000 1.022 $138,148 1.406 $194,205
WC077021627 12/4/2006 $13,622 $50,536 $400,000 1.022 $51,660 1.406 $72,622
WC077022010 1/8/2007 $207,852 $223,544 $400,000 1.022 $228,515 1.406 $321,240
WC077027682 1/26/2007 $2,090 $51,000 $400,000 1.022 $52,134 1.406 $73,289
WC077023841 5/7/2007 $53,182 $82,693 $400,000 1.022 $84,532 1.406 $118,833

WC077025935 9/12/2007 $147,224 $147,224 $400,000 1.026 $151,099 1.372 $207,358
WC077026466 10/1/2007 $55,729 $55,729 $400,000 1.026 $57,196 1.372 $78,492
WC077027046 10/29/2007 $77,841 $77,841 $400,000 1.026 $79,889 1.372 $109,635
WC077028303 12/21/2007 $8,755 $51,039 $400,000 1.026 $52,382 1.372 $71,885
WC077030205 4/4/2008 $67,845 $69,738 $400,000 1.026 $71,573 1.372 $98,223
WC077031076 5/20/2008 $11,340 $50,941 $400,000 1.026 $52,281 1.372 $71,747

Summary of Claims That Exceed $50,000
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Roanoke County Exhibit II

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H) (I)

Net Net Severity Trend Trended
Claim Accident Paid Reported Historical Development Developed Factor Developed

Number Date Losses Losses Retention Factor Losses to 7/1/18-19 Losses

Summary of Claims That Exceed $50,000

WC077031945 7/2/2008 $54,473 $56,439 $400,000 1.032 $58,225 1.352 $78,729
WC077036591 2/26/2009 $57,614 $57,614 $400,000 1.032 $59,437 1.352 $80,367
WC077037957 3/10/2009 $8,519 $53,591 $400,000 1.032 $55,287 1.352 $74,756
WC077037038 3/17/2009 $98,144 $98,144 $400,000 1.032 $101,251 1.352 $136,905
WC077037010 3/20/2009 $3,642 $50,431 $400,000 1.032 $52,027 1.352 $70,348
WC077038596 5/21/2009 $50,395 $50,395 $400,000 1.032 $51,990 1.352 $70,297
WC077038945 6/12/2009 $214,889 $214,889 $400,000 1.032 $221,690 1.352 $299,755

WC077041380 10/28/2009 $84,976 $84,976 $400,000 1.039 $88,273 1.324 $116,891

WC077049813 11/21/2010 $428,172 $472,501 $400,000 1.049 $495,514 1.276 $632,469
WC077051657 2/16/2011 $298,276 $298,276 $400,000 1.049 $312,804 1.276 $399,259
WC077054411 5/13/2011 $490,018 $513,471 $400,000 1.049 $538,480 1.276 $687,310
WC077054807 6/27/2011 $55,427 $81,137 $400,000 1.049 $85,089 1.276 $108,607

WC077060838 1/19/2012 $88,631 $100,285 $450,000 1.063 $106,604 1.236 $131,785
WC077063814 4/30/2012 $187,441 $205,671 $450,000 1.063 $218,630 1.236 $270,275

WC077067567 12/11/2012 $270,304 $279,310 $450,000 1.085 $302,985 1.203 $364,485
WC077070681 5/17/2013 $135,834 $147,616 $450,000 1.085 $160,128 1.203 $192,631
WC077070705 5/17/2013 $67,246 $67,246 $450,000 1.085 $72,946 1.203 $87,752

WC077072247 7/5/2013 $79,059 $79,059 $500,000 1.120 $88,567 1.168 $103,469
WC077073250 8/12/2013 $77,173 $86,636 $500,000 1.120 $97,055 1.168 $113,386
WC077085458 8/30/2013 $274,302 $308,363 $500,000 1.120 $345,448 1.168 $403,572
WC077101159 2/13/2014 $55,907 $55,907 $500,000 1.120 $62,630 1.168 $73,168

WC077113428 9/17/2014 $257,565 $257,565 $500,000 1.184 $305,006 1.131 $344,942
WC077116473 11/17/2014 $212,534 $224,501 $500,000 1.184 $265,852 1.131 $300,662
WC077125293 5/23/2015 $125,748 $135,499 $500,000 1.184 $160,456 1.131 $181,466

WC077147185 9/30/2015 $69,859 $72,501 $200,000 1.318 $95,531 1.097 $104,815

WC077181547 12/29/2016 $124,376 $146,022 $200,000 1.673 $244,257 1.064 $259,837
WC077185519 3/14/2017 $164,957 $181,086 $200,000 1.673 $302,909 1.064 $322,231
WC077190287 5/12/2017 $56,413 $85,150 $200,000 1.673 $142,434 1.064 $151,519

Columns (A) through (E):  Provided by VACO
Column (F) = RLDF/CCDF
Column (G) = (D) * (F)
Column (H):  Appendix B
Column (I) = (G) * (H)
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Roanoke County Exhibit III

Workers Compensation

(A) (B) (C) (D) (E) (F) (G)
Net Reported Reported Reported Trend Ultimate

Accident Reported on Large on Small Develop. Factor to on Small
Period Losses Claims Claims Factor 7/1/18-19 Claims

7/1/96-97 $481,456 $372,025 $109,431 1.007 2.186 $241,000
7/1/97-98 $176,952 $90,266 $86,686 1.008 2.102 $184,000
7/1/98-99 $381,523 $259,146 $122,377 1.008 2.020 $249,000
7/1/99-00 $879,116 $744,278 $134,838 1.009 1.935 $263,000
7/1/00-01 $332,102 $257,393 $74,709 1.010 1.856 $140,000

7/1/01-02 $894,006 $676,588 $217,418 1.011 1.777 $391,000

7/1/02-03 $302,776 $221,038 $81,737 1.013 1.689 $140,000

7/1/03-04 $508,655 $329,918 $178,737 1.014 1.603 $291,000

7/1/04-05 $398,446 $290,241 $108,206 1.017 1.524 $168,000

7/1/05-06 $617,092 $352,299 $264,793 1.019 1.452 $392,000

7/1/06-07 $789,023 $545,858 $243,165 1.022 1.406 $349,000

7/1/07-08 $717,859 $225,065 $492,794 1.026 1.372 $694,000

7/1/08-09 $774,538 $313,034 $461,504 1.032 1.352 $644,000

7/1/09-10 $345,315 $84,976 $260,338 1.039 1.324 $358,000
7/1/10-11 $1,692,040 $1,365,386 $326,654 1.049 1.276 $437,000
7/1/11-12 $469,981 $305,956 $164,025 1.063 1.236 $216,000
7/1/12-13 $697,693 $426,926 $270,768 1.085 1.203 $353,000
7/1/13-14 $744,925 $474,058 $270,866 1.120 1.168 $355,000
7/1/14-15 $845,313 $617,566 $227,747 1.185 1.131 $305,000
7/1/15-16 $286,884 $72,501 $214,383 1.320 1.097 $310,000
7/1/16-17 $620,434 $412,258 $208,177 1.687 1.064 $374,000

Total $12,956,129 $8,436,775 $4,519,353 $6,854,000

(H) (I) (J) (K) (L) (M) (N)
Net Paid Paid Paid Trend Ultimate

Accident Paid on Large on Small Develop. Factor to on Small
Period Losses Claims Claims Factor 7/1/18-19 Claims

7/1/96-97 $481,456 $372,025 $109,431 1.026 2.186 $245,000
7/1/97-98 $176,952 $90,266 $86,686 1.028 2.102 $187,000
7/1/98-99 $381,523 $259,146 $122,377 1.030 2.020 $255,000
7/1/99-00 $703,456 $568,618 $134,838 1.032 1.935 $269,000
7/1/00-01 $327,224 $252,515 $74,709 1.035 1.856 $144,000
7/1/01-02 $840,191 $622,773 $217,418 1.039 1.777 $401,000
7/1/02-03 $270,850 $189,113 $81,737 1.043 1.689 $144,000
7/1/03-04 $478,540 $299,803 $178,737 1.047 1.603 $300,000
7/1/04-05 $359,745 $251,539 $108,206 1.053 1.524 $174,000
7/1/05-06 $592,637 $327,845 $264,793 1.059 1.452 $407,000
7/1/06-07 $608,612 $500,656 $107,956 1.067 1.406 $162,000
7/1/07-08 $634,082 $225,065 $409,017 1.077 1.372 $605,000
7/1/08-09 $680,513 $313,034 $367,479 1.090 1.352 $542,000
7/1/09-10 $345,315 $84,976 $260,338 1.107 1.324 $382,000
7/1/10-11 $1,598,547 $1,271,893 $326,654 1.129 1.276 $471,000
7/1/11-12 $428,011 $276,073 $151,938 1.161 1.236 $218,000
7/1/12-13 $676,906 $406,138 $270,768 1.208 1.203 $393,000
7/1/13-14 $697,441 $430,534 $266,907 1.282 1.168 $400,000
7/1/14-15 $818,595 $595,848 $222,747 1.415 1.131 $356,000
7/1/15-16 $272,878 $69,859 $203,020 1.694 1.097 $377,000
7/1/16-17 $531,519 $345,746 $185,773 2.514 1.064 $497,000

Total $11,904,993 $7,753,463 $4,151,530 $6,929,000

Columns (B), (I):  Exhibit I Column (G) = (D) * (E) * (F)
Columns (C), (J):  Exhibit II Column (K) = (I) - (J)
Column (D) = (B) - (C) Column (L):  Appendix A4
Column (E):  Appendix A2 Column (N) = (K) * (L) * (M)
Columns (F), (M):  Appendix B

Estimation of Ultimate Losses Less Than $100,000
At the 2018-19 Loss Level

Reported Method

Paid Method

Using Loss Development Method
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Roanoke County Exhibit IV

Workers Compensation

(A) (B) (C) (D) (E) (F)
Trended Exposure

Accident Ultimate Exposure Trend Trended Pure
Period Losses (Thousands) Factors Exposures Premium

7/1/96-97 $243,000 $23,656 1.764 $41,723 $5.82
7/1/97-98 $186,000 $24,923 1.703 $42,433 $4.38
7/1/98-99 $252,000 $26,231 1.643 $43,110 $5.85
7/1/99-00 $266,000 $27,569 1.585 $43,698 $6.09
7/1/00-01 $142,000 $29,620 1.527 $45,241 $3.14
7/1/01-02 $396,000 $31,807 1.477 $46,972 $8.43
7/1/02-03 $142,000 $33,303 1.433 $47,727 $2.98
7/1/03-04 $296,000 $34,870 1.395 $48,657 $6.08
7/1/04-05 $171,000 $34,727 1.361 $47,276 $3.62
7/1/05-06 $400,000 $34,401 1.325 $45,592 $8.77
7/1/06-07 $256,000 $36,539 1.284 $46,920 $5.46
7/1/07-08 $650,000 $39,352 1.244 $48,946 $13.28
7/1/08-09 $593,000 $43,368 1.215 $52,687 $11.26
7/1/09-10 $370,000 $45,078 1.195 $53,880 $6.87
7/1/10-11 $454,000 $46,606 1.177 $54,851 $8.28
7/1/11-12 $217,000 $44,985 1.158 $52,104 $4.16
7/1/12-13 $373,000 $47,804 1.139 $54,451 $6.85
7/1/13-14 $378,000 $48,000 1.119 $53,704 $7.04
7/1/14-15 $331,000 $48,387 1.096 $53,046 $6.24
7/1/15-16 $344,000 $52,777 1.072 $56,590 $6.08
7/1/16-17 $436,000 $56,170 1.047 $58,831 $7.41

Total $6,896,000 $810,174 $1,038,440 $6.64

7/1/18-19

Selected Pure Premium* $7.13
{ Wtd Avg of 08-09 through 16-17 }

Forecast Exposure $53,476

Forecast Small Losses $381,000

* Adjusted for trend where applicable

Column (B) = Average of (G) and (N) from Exhibit III
Column (C):  Exhibit I
Column (D):  Appendix C
Column (E) = (C) x (D)
Column (F) = (B) / (E)

Calculation of Forecast Losses Less Than $100,000
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Roanoke County Exhibit V

Workers Compensation

(A) (B) (C) (D) (E) (F)
Claim Estimated

Accident Number Development Ultimate Trended
Period of Claims Factor Claims Exposure Frequency

7/1/96-97 2 1.000 2.0 $41,723 0.048
7/1/97-98 1 1.000 1.0 $42,433 0.024
7/1/98-99 1 1.000 1.0 $43,110 0.023
7/1/99-00 2 1.000 2.0 $43,698 0.046
7/1/00-01 2 1.000 2.0 $45,241 0.044
7/1/01-02 7 1.000 7.0 $46,972 0.149
7/1/02-03 2 1.000 2.0 $47,727 0.042
7/1/03-04 3 1.000 3.0 $48,657 0.062
7/1/04-05 2 1.000 2.0 $47,276 0.042
7/1/05-06 2 1.000 2.0 $45,592 0.044
7/1/06-07 4 1.000 4.0 $46,920 0.085
7/1/07-08 2 1.000 2.0 $48,946 0.041
7/1/08-09 2 1.000 2.0 $52,687 0.038
7/1/09-10 1 1.000 1.0 $53,880 0.019
7/1/10-11 4 1.000 4.0 $54,851 0.073
7/1/11-12 2 1.000 2.0 $52,104 0.038
7/1/12-13 2 1.000 2.0 $54,451 0.037
7/1/13-14 3 1.000 3.0 $53,704 0.056
7/1/14-15 3 1.000 3.0 $53,046 0.057
7/1/15-16 1 1.002 1.0 $56,590 0.018
7/1/16-17 3 1.009 3.0 $58,831 0.051

Total 51 51.0 $1,038,440 0.049

7/1/18-19

Selected Frequency 0.043
{ Wtd Avg of 11-12 through 16-17 }

Exposure $53,476

Forecast Number of Large Losses 2.3

Column (B):  Claims from Exhibit II
Column (C):  Appendix A6
Column (D) = (B) * (C)
Column (E):  Exhibit IV
Column (F) = (D) / (E) * 1,000

Forecast Number of Large Losses Over $100,000
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Roanoke County Exhibit VI

Workers Compensation

7/1/16-17 7/1/17-18 7/1/18-19 7/1/19-20

(1) Forecast Losses less than $100,000: $381,000
          { Exhibit IV }

(2) Expected Number of Losses over $100,000: 2.3
          { Exhibit V }

(3) Expected Severity of Losses over $100,000 Limited to $200,000: $178,000
          { Derived from Losses in Exhibit II }

(4) Forecast Losses Limited to $200,000: $814,000 $765,000 $787,000 $809,000
          { Line(1) + Line(2) * Line(3) for 7/1/18-19;
            Line(5) * Line(6) for other forecast periods }

(5) Forecast Exposure $56,170 $52,427 $53,476 $54,546
          { Exhibit I }

(6) Forecast Loss Rate $14.49 $14.60 $14.72 $14.84
          { Line(4) / Line(5) for 7/1/18-19; 7/1/18-19 rate adjusted
            for trend for 7/1/16-17, 7/1/17-18 and 7/1/19-20 }

Calculation of Forecast Losses
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Roanoke County Exhibit VII

Workers Compensation

(A) (B) (C) (D)
Probability Probability

That Losses Estimated Estimated That Losses
Will Be 7/1/18-19 7/1/19-20 Will Be

Less Than Ultimate Ultimate Greater
Or Equal to Limited Limited Than
Column (B) Losses Losses Column (B)

50% $758,000 $779,000 50%
55% $795,000 $817,000 45%
60% $836,000 $859,000 40%
65% $877,000 $902,000 35%
70% $923,000 $949,000 30%
75% $977,000 $1,004,000 25%
80% $1,032,000 $1,061,000 20%
85% $1,103,000 $1,134,000 15%
90% $1,191,000 $1,224,000 10%
95% $1,346,000 $1,384,000 5%

54% $787,000 $809,000 46%

$725,000 $745,000

- Based on Lognormal Distribution for Small Losses,
  Inverse Weibull Distribution for Large Loss Severity 
  and Poisson Distribution for Large Loss Frequency

Aggregate Loss Distribution
For Forecast Periods

Expected Losses

Discounted at 2.5%

Limited to $200,000 Per Occurrence
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Roanoke County Exhibit VIII

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)
Net Reported Reported Reported Ultimate Provision Estimated

Accident Reported on Large on Small Develop. on Small for Large Ultimate
Period Losses Claims Claims Factor Claims Claims Losses

7/1/96-97 $481,456 $286,273 $195,183 1.007 $197,000 $250,000 $447,000
7/1/97-98 $176,952 $0 $176,952 1.008 $178,000 $0 $178,000
7/1/98-99 $381,523 $259,146 $122,377 1.008 $123,000 $250,000 $373,000
7/1/99-00 $879,116 $744,278 $134,838 1.009 $136,000 $500,001 $636,000
7/1/00-01 $332,102 $0 $332,102 1.010 $335,000 $0 $335,000

7/1/01-02 $894,006 $0 $894,006 1.011 $904,000 $0 $904,000

7/1/02-03 $302,776 $0 $302,776 1.013 $307,000 $0 $307,000

7/1/03-04 $508,655 $0 $508,655 1.014 $516,000 $0 $516,000

7/1/04-05 $398,446 $0 $398,446 1.017 $405,000 $0 $405,000

7/1/05-06 $617,092 $0 $617,092 1.019 $629,000 $0 $629,000

7/1/06-07 $789,023 $0 $789,023 1.022 $807,000 $0 $807,000

7/1/07-08 $717,859 $0 $717,859 1.026 $737,000 $0 $737,000

7/1/08-09 $774,538 $0 $774,538 1.032 $799,000 $0 $799,000

7/1/09-10 $345,315 $0 $345,315 1.039 $359,000 $0 $359,000
7/1/10-11 $1,692,040 $985,972 $706,068 1.049 $740,000 $800,029 $1,540,000
7/1/11-12 $469,981 $0 $469,981 1.063 $500,000 $0 $500,000
7/1/12-13 $697,693 $0 $697,693 1.085 $757,000 $0 $757,000
7/1/13-14 $744,925 $0 $744,925 1.120 $835,000 $0 $835,000
7/1/14-15 $845,313 $0 $845,313 1.185 $1,001,000 $0 $1,001,000
7/1/15-16 $286,884 $0 $286,884 1.320 $379,000 $0 $379,000
7/1/16-17 $620,434 $327,108 $293,327 1.687 $495,000 $403,419 $898,000

Total $12,956,129 $2,602,777 $10,353,351 $11,139,000 $2,203,450 $13,342,000

(I) (J) (K) (L) (M) (N) (O) (P)
Net Paid Paid Paid Ultimate Provision Estimated

Accident Paid on Large on Small Develop. on Small for Large Ultimate
Period Losses Claims Claims Factor Claims Claims Losses

7/1/96-97 $481,456 $286,273 $195,183 1.026 $200,000 $250,000 $450,000
7/1/97-98 $176,952 $0 $176,952 1.028 $182,000 $0 $182,000
7/1/98-99 $381,523 $259,146 $122,377 1.030 $126,000 $250,000 $376,000
7/1/99-00 $703,456 $568,618 $134,838 1.032 $139,000 $500,001 $639,000
7/1/00-01 $327,224 $0 $327,224 1.035 $339,000 $0 $339,000
7/1/01-02 $840,191 $0 $840,191 1.039 $873,000 $0 $873,000
7/1/02-03 $270,850 $0 $270,850 1.043 $282,000 $0 $282,000
7/1/03-04 $478,540 $0 $478,540 1.047 $501,000 $0 $501,000
7/1/04-05 $359,745 $0 $359,745 1.053 $379,000 $0 $379,000
7/1/05-06 $592,637 $0 $592,637 1.059 $628,000 $0 $628,000
7/1/06-07 $608,612 $0 $608,612 1.067 $649,000 $0 $649,000
7/1/07-08 $634,082 $0 $634,082 1.077 $683,000 $0 $683,000
7/1/08-09 $680,513 $0 $680,513 1.090 $742,000 $0 $742,000
7/1/09-10 $345,315 $0 $345,315 1.107 $382,000 $0 $382,000
7/1/10-11 $1,598,547 $918,190 $680,357 1.129 $768,000 $800,029 $1,568,000
7/1/11-12 $428,011 $0 $428,011 1.161 $497,000 $0 $497,000
7/1/12-13 $676,906 $0 $676,906 1.208 $817,000 $0 $817,000
7/1/13-14 $697,441 $0 $697,441 1.282 $894,000 $0 $894,000
7/1/14-15 $818,595 $0 $818,595 1.415 $1,158,000 $0 $1,158,000
7/1/15-16 $272,878 $0 $272,878 1.694 $462,000 $0 $462,000
7/1/16-17 $531,519 $289,333 $242,185 2.514 $609,000 $403,419 $1,012,000

Total $11,904,993 $2,321,561 $9,583,432 $11,310,000 $2,203,450 $13,513,000

Colums (B), (J):  Exhibit I Column (H) = (F) + (G)
Columns (C), (K):  Exhibit II Column (L) = (J) - (K)
Column (D) = (B) - (C) Column (M):  Appendix A4
Column (E):  Appendix A2 Column (N) = (L) x (M)
Column (F) = (D) x (E) Column (P) = (N) + (O)
Columns (G), (O):  Claim count in (C) x CCDF x Specific Retention

Estimation of Limited Ultimate Losses
Using Loss Development Method

Reported Method

Paid Method
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Roanoke County Exhibit IX

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)

Limited

Previous Reported

Estimate or Large Estimated Estimated Losses Estimated

Accident Forecast Losses in Reported Percent IBNR as of Ultimate

Period Losses Prior LDF Unreported Losses 12/31/2017 Losses

7/1/96-97 $446,000 $250,000 1.007 1% $1,000 $445,183 $446,000

7/1/97-98 $178,000 $0 1.008 1% $1,000 $176,952 $178,000

7/1/98-99 $374,000 $250,000 1.008 1% $1,000 $372,377 $373,000

7/1/99-00 $614,000 $250,000 1.009 1% $3,000 $634,838 $638,000

7/1/00-01 $328,000 $0 1.010 1% $3,000 $332,102 $335,000

7/1/01-02 $907,000 $0 1.011 1% $10,000 $894,006 $904,000

7/1/02-03 $257,000 $0 1.013 1% $3,000 $302,776 $306,000

7/1/03-04 $508,000 $0 1.014 1% $7,000 $508,655 $516,000

7/1/04-05 $360,000 $0 1.017 2% $6,000 $398,446 $404,000

7/1/05-06 $632,000 $0 1.019 2% $12,000 $617,092 $629,000

7/1/06-07 $736,000 $0 1.022 2% $16,000 $789,023 $805,000

7/1/07-08 $735,000 $0 1.026 3% $19,000 $717,859 $737,000

7/1/08-09 $842,000 $0 1.032 3% $26,000 $774,538 $801,000

7/1/09-10 $364,000 $0 1.039 4% $14,000 $345,315 $359,000

7/1/10-11 $1,579,000 $400,000 1.049 5% $55,000 $1,506,068 $1,561,000

7/1/11-12 $389,000 $0 1.063 6% $23,000 $469,981 $493,000

7/1/12-13 $641,000 $0 1.085 8% $50,000 $697,693 $748,000

7/1/13-14 $792,000 $0 1.120 11% $85,000 $744,925 $830,000

7/1/14-15 $844,000 $0 1.185 16% $132,000 $845,313 $977,000

7/1/15-16 $850,000 $0 1.320 24% $206,000 $286,884 $493,000

7/1/16-17 $814,000 $0 1.687 41% $331,000 $620,434 $951,000

7/1/17-18 $765,000 $0 5.284 81% $620,000 $35,643 $656,000

Total $13,955,000 $1,624,000 $12,516,102 $14,140,000

(A) (B) (C) (D) (E) (F) (G) (H)

Limited

Previous Paid

Estimate or Large Estimated Estimated Losses Estimated

Accident Forecast Losses in Paid Percent Unpaid as of Ultimate

Period Losses Prior LDF Unpaid Losses 12/31/2017 Losses

7/1/96-97 $446,000 $250,000 1.026 3% $5,000 $445,183 $450,000

7/1/97-98 $178,000 $0 1.028 3% $5,000 $176,952 $182,000

7/1/98-99 $374,000 $250,000 1.030 3% $4,000 $372,377 $376,000

7/1/99-00 $614,000 $250,000 1.032 3% $11,000 $634,838 $646,000

7/1/00-01 $328,000 $0 1.035 3% $11,000 $327,224 $338,000

7/1/01-02 $907,000 $0 1.039 4% $34,000 $840,191 $874,000

7/1/02-03 $257,000 $0 1.043 4% $10,000 $270,850 $281,000

7/1/03-04 $508,000 $0 1.047 4% $23,000 $478,540 $502,000

7/1/04-05 $360,000 $0 1.053 5% $18,000 $359,745 $378,000

7/1/05-06 $632,000 $0 1.059 6% $35,000 $592,637 $628,000

7/1/06-07 $736,000 $0 1.067 6% $46,000 $608,612 $655,000

7/1/07-08 $735,000 $0 1.077 7% $53,000 $634,082 $687,000

7/1/08-09 $842,000 $0 1.090 8% $70,000 $680,513 $751,000

7/1/09-10 $364,000 $0 1.107 10% $35,000 $345,315 $380,000

7/1/10-11 $1,579,000 $400,000 1.129 11% $135,000 $1,480,357 $1,615,000

7/1/11-12 $389,000 $0 1.161 14% $54,000 $428,011 $482,000

7/1/12-13 $641,000 $0 1.208 17% $110,000 $676,906 $787,000

7/1/13-14 $792,000 $0 1.282 22% $174,000 $697,441 $871,000

7/1/14-15 $844,000 $0 1.415 29% $247,000 $818,595 $1,066,000

7/1/15-16 $850,000 $0 1.694 41% $348,000 $272,878 $621,000

7/1/16-17 $814,000 $0 2.514 60% $490,000 $531,519 $1,022,000

7/1/17-18 $765,000 $0 10.716 91% $694,000 $20,747 $715,000

Total $13,955,000 $2,612,000 $11,693,512 $14,307,000

Column (B):  Prior analysis; Exhibit VI for 2016-17 and 2017-18 Column (F) = [ (B) – (C) ] x (E)

Colyumn (C):  Claims exceeding retention in prior analysis Column (G):  Exhibit I, limited to retention

Column (D):  Appendix A Column (H) = (F) + (G)

Column (E) = [ 1 - 1 / (D) ] 

Estimation of Limited Ultimate Losses
Using the Bornhuetter-Ferguson Method

Reported Method

Paid Method

RoCo WC 17     JAP 2/19/2018 Select Actuarial Services

Page 41 of 110 



Roanoke County Exhibit X

Workers Compensation

(A) (B) (C) (D) (E) (F) (G)
Reported Paid Reported Paid

Prior Loss Loss Bornhuetter- Bornhuetter- Selected
Accident Estimate or Development Development Ferguson Ferguson Ultimate
Period Forecast Method Method Method Method Losses

7/1/96-97 $446,000 $447,000 $450,000 $446,000 $450,000 $445,183
7/1/97-98 $178,000 $178,000 $182,000 $178,000 $182,000 $176,952
7/1/98-99 $374,000 $373,000 $376,000 $373,000 $376,000 $372,377
7/1/99-00 $614,000 $636,000 $639,000 $638,000 $646,000 $634,838
7/1/00-01 $328,000 $335,000 $339,000 $335,000 $338,000 $335,000
7/1/01-02 $907,000 $904,000 $873,000 $904,000 $874,000 $904,000
7/1/02-03 $257,000 $307,000 $282,000 $306,000 $281,000 $307,000
7/1/03-04 $508,000 $516,000 $501,000 $516,000 $502,000 $516,000
7/1/04-05 $360,000 $405,000 $379,000 $404,000 $378,000 $405,000
7/1/05-06 $632,000 $629,000 $628,000 $629,000 $628,000 $629,000
7/1/06-07 $736,000 $807,000 $649,000 $805,000 $655,000 $807,000
7/1/07-08 $735,000 $737,000 $683,000 $737,000 $687,000 $737,000
7/1/08-09 $842,000 $799,000 $742,000 $801,000 $751,000 $799,000
7/1/09-10 $364,000 $359,000 $382,000 $359,000 $380,000 $359,000
7/1/10-11 $1,579,000 $1,540,000 $1,568,000 $1,561,000 $1,615,000 $1,540,000
7/1/11-12 $389,000 $500,000 $497,000 $493,000 $482,000 $500,000
7/1/12-13 $641,000 $757,000 $817,000 $748,000 $787,000 $753,000
7/1/13-14 $792,000 $835,000 $894,000 $830,000 $871,000 $833,000
7/1/14-15 $844,000 $1,001,000 $1,158,000 $977,000 $1,066,000 $989,000
7/1/15-16 $850,000 $379,000 $462,000 $493,000 $621,000 $436,000
7/1/16-17 $814,000 $898,000 $1,012,000 $951,000 $1,022,000 $951,000
7/1/17-18 $765,000 -- -- $656,000 $715,000 $656,000

Total $13,955,000 $13,342,000 $13,513,000 $14,140,000 $14,307,000 $14,085,000

Column (B):  Prior analysis as of 12/31/2015; Exhibit VI for 2016-17 and 2017-18
Columns (C), (D):  Exhibit VIII
Columns (E), (F):  Exhibit IX
Column (G):  Limited reported losses for 96-97 through 99-00
                      Column (C) for 00-01 through 11-12
                      Average of (C) and (E) for 12-13 through 15-16
                      Column (E) for 16-17 andf 17-18

Summary and Selection of Limited Ultimate Losses
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Roanoke County Exhibit XI

Workers Compensation Page 1

(A) (B) (C) (D) (E) (F)

Claim Estimated Trended
Accident Number Development Ultimate Exposure Claim
Period of Claims Factor Claims (thousands) Frequency*

7/1/96-97 134 1.000 134.0 $41,723 3.2
7/1/97-98 123 1.000 123.0 $42,433 2.9
7/1/98-99 122 1.000 122.0 $43,110 2.8
7/1/99-00 168 1.000 168.0 $43,698 3.8
7/1/00-01 121 1.000 121.0 $45,241 2.7
7/1/01-02 159 1.000 159.0 $46,972 3.4
7/1/02-03 113 1.000 113.0 $47,727 2.4
7/1/03-04 128 1.000 128.0 $48,657 2.6
7/1/04-05 108 1.000 108.0 $47,276 2.3
7/1/05-06 103 1.000 103.0 $45,592 2.3
7/1/06-07 103 1.000 103.0 $46,920 2.2
7/1/07-08 120 1.000 120.0 $48,946 2.5
7/1/08-09 103 1.000 103.0 $52,687 2.0
7/1/09-10 105 1.000 105.0 $53,880 1.9
7/1/10-11 114 1.000 114.0 $54,851 2.1
7/1/11-12 102 1.000 102.0 $52,104 2.0
7/1/12-13 116 1.000 116.0 $54,451 2.1
7/1/13-14 108 1.000 108.0 $53,704 2.0
7/1/14-15 123 1.000 123.1 $53,046 2.3
7/1/15-16 90 1.002 90.1 $56,590 1.6
7/1/16-17 97 1.009 97.8 $58,831 1.7

Total 2,460 2,461.1 $1,038,440 2.4

7/1/17-18 7/1/18-19

(1) Selected Claim Frequency 2.0 1.9
        { Average of 12-13 through 16-17 }

(2) Projected Exposure $52,427 $53,476
        { Exhibit I }

(3) Estimated Ultimate Reported Claims: 104.2 103.9
        { Line (1) x Line (2) / 1,000 }

(4) Estimated claims unreported 56.4
        { (1 - 1 / CCDF) x (3) }

(5) Reported claims 53
        { Exhibit I }

(6) Estimate of Ultimate Claims 109.4 103.9
        { (4) + (5) or (3) }

*Shown as claims per million of exposure, record only claims omitted

Column (B):  Exhibit I
Column (C):  Appendix A6
Column (D) = (B) * (C)
Column (E) = Exhibit IV
Column (F) = (D) / (E) * 1,000

Estimated Ultimate Reported Claims
and Claim Frequencies
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Roanoke County Exhibit XI

Workers Compensation Page 2

(A) (B) (C) (D) (E) (F)
Selected

Estimated Estimated Estimated
Accident Ultimate Ultimate Ultimate Exposure Cost per
Period Claims Losses Severity (Hundreds) $100 Payroll

7/1/96-97 134.0 $445,183 $3,300 $236,563 $1.88
7/1/97-98 123.0 $176,952 $1,400 $249,231 $0.71
7/1/98-99 122.0 $372,377 $3,100 $262,307 $1.42
7/1/99-00 168.0 $634,838 $3,800 $275,685 $2.30
7/1/00-01 121.0 $335,000 $2,800 $296,197 $1.13
7/1/01-02 159.0 $904,000 $5,700 $318,066 $2.84
7/1/02-03 113.0 $307,000 $2,700 $333,032 $0.92
7/1/03-04 128.0 $516,000 $4,000 $348,699 $1.48
7/1/04-05 108.0 $405,000 $3,700 $347,271 $1.17
7/1/05-06 103.0 $629,000 $6,100 $344,011 $1.83
7/1/06-07 103.0 $807,000 $7,800 $365,393 $2.21
7/1/07-08 120.0 $737,000 $6,100 $393,519 $1.87
7/1/08-09 103.0 $799,000 $7,800 $433,684 $1.84
7/1/09-10 105.0 $359,000 $3,400 $450,781 $0.80
7/1/10-11 114.0 $1,540,000 $13,500 $466,060 $3.30
7/1/11-12 102.0 $500,000 $4,900 $449,855 $1.11
7/1/12-13 116.0 $753,000 $6,500 $478,039 $1.58
7/1/13-14 108.0 $833,000 $7,700 $480,000 $1.74
7/1/14-15 123.1 $989,000 $8,000 $483,874 $2.04
7/1/15-16 90.1 $436,000 $4,800 $527,772 $0.83
7/1/16-17 97.8 $951,000 $9,700 $561,703 $1.69
7/1/17-18 109.4 $656,000 $6,000 $524,275 $1.25
7/1/18-19 103.9 $787,000 $7,600 $534,760 $1.47

Total 2,674.4 $14,872,000 $5,600 $9,160,778 $1.62

Columns (B):  Exhibit XI, page 1
Column (C):  Exhibit X; Exhibit VI for the forecast period
Column (D) = (C) / (B)
Column (E):  Exhibit I
Column (F) = (C) / (E)

Estimation of Claim Severities
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Roanoke County Exhibit XII

Workers Compensation Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I)

Total

Selected Limited Limited Total Discount Discounted

Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at

Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

88-89 through 95-96 NA $1,365,074 $1,365,074 $0 $0 $0 1.000 $0

7/1/96-97 $445,183 $445,183 $445,183 $0 $0 $0 1.000 $0

7/1/97-98 $176,952 $176,952 $176,952 $0 $0 $0 1.000 $0

7/1/98-99 $372,377 $372,377 $372,377 $0 $0 $0 0.988 $0

7/1/99-00 $634,838 $634,838 $634,838 $0 $0 $0 0.965 $0

7/1/00-01 $335,000 $327,224 $332,102 $4,878 $3,000 $8,000 0.945 $8,000

7/1/01-02 $904,000 $840,191 $894,006 $53,815 $10,000 $64,000 0.928 $59,000

7/1/02-03 $307,000 $270,850 $302,776 $31,926 $4,000 $36,000 0.913 $33,000

7/1/03-04 $516,000 $478,540 $508,655 $30,115 $7,000 $37,000 0.899 $33,000

7/1/04-05 $405,000 $359,745 $398,446 $38,701 $7,000 $46,000 0.888 $41,000

7/1/05-06 $629,000 $592,637 $617,092 $24,454 $12,000 $36,000 0.879 $32,000

7/1/06-07 $807,000 $608,612 $789,023 $180,411 $18,000 $198,000 0.873 $173,000

7/1/07-08 $737,000 $634,082 $717,859 $83,777 $19,000 $103,000 0.868 $89,000

7/1/08-09 $799,000 $680,513 $774,538 $94,025 $24,000 $118,000 0.865 $102,000

7/1/09-10 $359,000 $345,315 $345,315 $0 $14,000 $14,000 0.865 $12,000

7/1/10-11 $1,540,000 $1,480,357 $1,506,068 $25,711 $34,000 $60,000 0.866 $52,000

7/1/11-12 $500,000 $428,011 $469,981 $41,970 $30,000 $72,000 0.870 $63,000

7/1/12-13 $753,000 $676,906 $697,693 $20,788 $55,000 $76,000 0.876 $67,000

7/1/13-14 $833,000 $697,441 $744,925 $47,484 $88,000 $135,000 0.884 $119,000

7/1/14-15 $989,000 $818,595 $845,313 $26,718 $144,000 $171,000 0.893 $153,000

7/1/15-16 $436,000 $272,878 $286,884 $14,006 $149,000 $163,000 0.905 $147,000

7/1/16-17 $951,000 $531,519 $620,434 $88,916 $331,000 $420,000 0.916 $385,000

7/1-12/31/17 $328,000 $20,747 $35,643 $14,896 $292,000 $307,000 0.925 $284,000

Total $13,757,000 $13,058,586 $13,881,176 $822,590 $1,241,000 $2,064,000 $1,852,000

96-97 through 12/31/17 $13,757,000 $11,693,512 $12,516,102 $822,590 $1,241,000 $2,064,000 $1,852,000

1/1-6/30/18 $328,000

Column (B):  Exhibit X; prorated for 7/1/17-18

Columns (C), (D):  Exhibit I, limited to retention

Column (E) = (D) - (C)

Column (F) = (B) - (D); judgmentally selected for 88/89 thorugh 95/96

Column (G) = (E) + (F)

Column (H):  Appendix D

Column (I) = (G) * (H)

Calculation of Required Reserves
As of December 31, 2017
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Roanoke County Exhibit XII

Workers Compensation Page 2

(A) (B) (C) (D) (E) (F) (G) (H)
Estimated Limited Limited Estimated Estimated Discount Discounted

Confidence Ultimate Paid Reported Case Unreported Outstanding Factor Outstanding
Level Losses Losses Losses Reserves Losses Losses at 2.5% Losses

50% $13,703,000 $11,693,512 $12,516,102 $822,590 $1,187,000 $2,009,000 0.897 $1,803,000
55% $13,786,000 $11,693,512 $12,516,102 $822,590 $1,270,000 $2,092,000 0.897 $1,877,000
60% $13,867,000 $11,693,512 $12,516,102 $822,590 $1,351,000 $2,173,000 0.897 $1,950,000
65% $13,954,000 $11,693,512 $12,516,102 $822,590 $1,438,000 $2,260,000 0.897 $2,028,000
70% $14,049,000 $11,693,512 $12,516,102 $822,590 $1,533,000 $2,355,000 0.897 $2,113,000
75% $14,148,000 $11,693,512 $12,516,102 $822,590 $1,632,000 $2,454,000 0.897 $2,202,000
80% $14,257,000 $11,693,512 $12,516,102 $822,590 $1,741,000 $2,563,000 0.897 $2,300,000
85% $14,392,000 $11,693,512 $12,516,102 $822,590 $1,876,000 $2,698,000 0.897 $2,421,000
90% $14,555,000 $11,693,512 $12,516,102 $822,590 $2,039,000 $2,861,000 0.897 $2,567,000
95% $14,821,000 $11,693,512 $12,516,102 $822,590 $2,305,000 $3,127,000 0.897 $2,806,000

Column (A):  Based on Lognormal Fit to Historical Development Experience Column (F) = (A) - (B) = (D) + (E)
Columns (B), (C):  Exhibit XII, page 1 Column (G):  Average Discount from Exhibit XII, page 1
Column (D) = (C) - (B) Column (H) = (F) * (G)
Column (E) = (A) - (C)

As of December 31, 2017

Estimated Outstanding Losses
At Various Confidence Levels
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Roanoke County Exhibit XIII

Workers Compensation Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 1/1-6/30/18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28

7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/00-01 $8,000 $300 $600 $500 $500 $400 $400 $300 $300 $300 $200 $200
7/1/01-02 $64,000 $2,700 $5,000 $4,300 $3,800 $3,400 $3,000 $2,700 $2,400 $2,200 $2,000 $1,800
7/1/02-03 $36,000 $1,600 $2,900 $2,600 $2,200 $2,000 $1,700 $1,500 $1,400 $1,200 $1,100 $1,000
7/1/03-04 $37,000 $1,800 $3,200 $2,700 $2,400 $2,100 $1,800 $1,600 $1,400 $1,300 $1,200 $1,000
7/1/04-05 $46,000 $2,400 $4,200 $3,600 $3,100 $2,700 $2,300 $2,000 $1,800 $1,600 $1,400 $1,300
7/1/05-06 $36,000 $2,000 $3,500 $2,900 $2,500 $2,100 $1,900 $1,600 $1,400 $1,300 $1,100 $1,000
7/1/06-07 $198,000 $11,600 $20,300 $17,000 $14,300 $12,200 $10,500 $9,100 $7,900 $7,000 $6,200 $5,500
7/1/07-08 $103,000 $6,500 $11,300 $9,300 $7,700 $6,500 $5,600 $4,800 $4,100 $3,600 $3,200 $2,800
7/1/08-09 $118,000 $8,200 $13,900 $11,300 $9,200 $7,700 $6,500 $5,500 $4,800 $4,100 $3,600 $3,200
7/1/09-10 $14,000 $1,100 $1,800 $1,400 $1,100 $900 $800 $700 $600 $500 $400 $400
7/1/10-11 $60,000 $5,000 $8,300 $6,400 $5,100 $4,100 $3,400 $2,800 $2,400 $2,000 $1,700 $1,500
7/1/11-12 $72,000 $6,700 $10,800 $8,200 $6,400 $5,100 $4,100 $3,400 $2,800 $2,400 $2,000 $1,700
7/1/12-13 $76,000 $7,900 $12,500 $9,200 $7,000 $5,400 $4,300 $3,500 $2,900 $2,400 $2,000 $1,700
7/1/13-14 $135,000 $16,100 $24,500 $17,400 $12,700 $9,700 $7,500 $6,000 $4,800 $4,000 $3,300 $2,800
7/1/14-15 $171,000 $23,400 $34,400 $23,400 $16,500 $12,100 $9,200 $7,200 $5,700 $4,600 $3,800 $3,200
7/1/15-16 $163,000 $25,800 $36,500 $23,500 $15,900 $11,300 $8,300 $6,300 $4,900 $3,900 $3,100 $2,600
7/1/16-17 $420,000 $75,000 $104,500 $64,100 $41,100 $27,900 $19,700 $14,500 $11,000 $8,500 $6,800 $5,500

7/1-12/31/17 $307,000 $56,900 $82,600 $50,800 $31,000 $20,000 $13,500 $9,600 $7,000 $5,300 $4,100 $3,300

Subtotal $2,064,000 $255,000 $381,000 $259,000 $183,000 $136,000 $105,000 $83,000 $68,000 $56,000 $47,000 $41,000

1/1-6/30/18 $328,000 $61,000 $88,000 $54,000 $33,000 $21,000 $14,000 $10,000 $8,000 $6,000 $4,000 $4,000
7/1/18-19 $787,000 -- $206,000 $192,000 $118,000 $72,000 $46,000 $31,000 $22,000 $16,000 $12,000 $10,000

Total $3,179,000 $316,000 $675,000 $505,000 $334,000 $229,000 $165,000 $124,000 $98,000 $78,000 $63,000 $55,000

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A2 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 12/31/17)]}.

Projection of Loss Payout
For the Next Ten Fiscal Years
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Roanoke County Exhibit XIII

Workers Compensation Page 2

(A) (B) (C) (D) (E) (F) (G)

Projected

Limited

Limited Limited Projected Outstanding Projected Projected

Limited Outstanding Paid Paid & Forecast Paid Outstanding

Aggregate Ultimate & Forecast Losses as of Losses as of Losses as of Losses as of Losses as of

Percentile Losses Losses 12/31/2017 6/30/2018 6/30/2018 6/30/2019 6/30/2019

50% $14,813,000 $3,119,000 $11,693,512 $12,004,000 $2,809,000 $12,666,000 $2,147,000

55% $14,905,000 $3,211,000 $11,693,512 $12,013,000 $2,892,000 $12,695,000 $2,210,000

60% $15,005,000 $3,311,000 $11,693,512 $12,023,000 $2,982,000 $12,726,000 $2,279,000

65% $15,111,000 $3,417,000 $11,693,512 $12,033,000 $3,078,000 $12,759,000 $2,352,000

70% $15,215,000 $3,521,000 $11,693,512 $12,044,000 $3,171,000 $12,792,000 $2,423,000

75% $15,338,000 $3,644,000 $11,693,512 $12,056,000 $3,282,000 $12,830,000 $2,508,000

80% $15,477,000 $3,783,000 $11,693,512 $12,070,000 $3,407,000 $12,873,000 $2,604,000

85% $15,644,000 $3,950,000 $11,693,512 $12,086,000 $3,558,000 $12,925,000 $2,719,000

90% $15,857,000 $4,163,000 $11,693,512 $12,107,000 $3,750,000 $12,991,000 $2,866,000

95% $16,183,000 $4,489,000 $11,693,512 $12,140,000 $4,043,000 $13,093,000 $3,090,000

Expected $14,872,000 $3,179,000 $11,693,512 $12,010,000 $2,862,000 $12,685,000 $2,187,000

Column (A):  Percentile estimates are based on a lognormal distribution. 

Column (B) = (C) - (A)

Column (C):  Exhibit XII, page 2

Column (D) = { (% of outstanding as of 12/31/17 expected to be paid during 1/1-6/30/18 from Exhibit XIII, page 1) * (B) } + (C)

Column (E) = (A) - (D)

Column (F) = { (% of outstanding as of 6/30/18 expected to be paid during 2018-19 from Exhibit XIII, page 1) * (E) } + (D)

Column (G) = (A) - (F)

Projected Payment Pattern
At Various Confidence Levels

for Accident Periods 96-97 through 18-19

RoCo WC 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Exhibit XIV

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)
Expected Actual Estimated Estimated

Reported Reported Reported Ultimate Ultimate
Accident Losses Losses Losses Percent Losses Losses Percent
Period 12/31/2015 12/31/2017 12/31/2017 Difference 12/31/2015 12/31/2017 Difference

7/1/96-97 $445,183 $445,310 $445,183 0% $446,000 $445,183 0%
7/1/97-98 $176,952 $177,121 $176,952 0% $178,000 $176,952 -1%
7/1/98-99 $372,377 $372,652 $372,377 0% $374,000 $372,377 0%
7/1/99-00 $610,155 $610,839 $634,838 4% $614,000 $634,838 3%
7/1/00-01 $323,711 $324,514 $332,102 2% $328,000 $335,000 2%
7/1/01-02 $894,006 $896,573 $894,006 0% $907,000 $904,000 0%
7/1/02-03 $252,687 $253,589 $302,776 19% $257,000 $307,000 19%
7/1/03-04 $498,881 $500,908 $508,655 2% $508,000 $516,000 2%
7/1/04-05 $352,926 $354,603 $398,446 12% $360,000 $405,000 13%
7/1/05-06 $616,843 $620,691 $617,092 -1% $632,000 $629,000 0%
7/1/06-07 $715,423 $721,044 $789,023 9% $736,000 $807,000 10%
7/1/07-08 $710,629 $717,833 $717,859 0% $735,000 $737,000 0%
7/1/08-09 $807,439 $818,563 $774,538 -5% $842,000 $799,000 -5%
7/1/09-10 $345,371 $351,946 $345,315 -2% $364,000 $359,000 -1%
7/1/10-11 $1,498,744 $1,530,061 $1,506,068 -2% $1,579,000 $1,540,000 -2%
7/1/11-12 $353,393 $368,900 $469,981 27% $389,000 $500,000 29%
7/1/12-13 $558,850 $599,184 $697,693 16% $641,000 $753,000 17%
7/1/13-14 $640,020 $724,926 $744,925 3% $792,000 $833,000 5%
7/1/14-15 $544,330 $735,428 $845,313 15% $844,000 $989,000 17%
7/1/15-16 $204,771 $681,867 $286,884 -58% $850,000 $436,000 -49%
7/1/16-17 $514,367 $620,434 21% $814,000 $951,000 17%
7/1/17-18 $160,478 $35,643 -78% $812,000 $656,000 -19%

Total $10,922,692 $12,481,395 $12,516,102 0% $14,002,000 $14,085,000 1%

Variance from Expected $34,708 Change in Ultimates $83,000

(A) (B) (C) (D) (E) (F) (G) (H)
Expected Actual Estimated Estimated

Paid Paid Paid Ultimate Ultimate
Accident Losses Losses Losses Percent Losses Losses Percent
Period 12/31/2015 12/31/2017 12/31/2017 Difference 12/31/2015 12/31/2017 Difference

7/1/96-97 $445,183 $445,290 $445,183 0% $446,000 $445,183 0%
7/1/97-98 $176,952 $177,095 $176,952 0% $178,000 $176,952 -1%
7/1/98-99 $372,377 $372,608 $372,377 0% $374,000 $372,377 0%
7/1/99-00 $610,155 $610,732 $634,838 4% $614,000 $634,838 3%
7/1/00-01 $315,629 $317,581 $327,224 3% $328,000 $335,000 2%
7/1/01-02 $835,287 $847,240 $840,191 -1% $907,000 $904,000 0%
7/1/02-03 $238,110 $241,444 $270,850 12% $257,000 $307,000 19%
7/1/03-04 $468,296 $475,746 $478,540 1% $508,000 $516,000 2%
7/1/04-05 $338,101 $342,485 $359,745 5% $360,000 $405,000 13%
7/1/05-06 $559,164 $574,781 $592,637 3% $632,000 $629,000 0%
7/1/06-07 $482,571 $541,058 $608,612 12% $736,000 $807,000 10%
7/1/07-08 $624,444 $652,057 $634,082 -3% $735,000 $737,000 0%
7/1/08-09 $568,337 $642,767 $680,513 6% $842,000 $799,000 -5%
7/1/09-10 $345,371 $350,926 $345,315 -2% $364,000 $359,000 -1%
7/1/10-11 $1,345,554 $1,422,481 $1,480,357 4% $1,579,000 $1,540,000 -2%
7/1/11-12 $304,615 $335,618 $428,011 28% $389,000 $500,000 29%
7/1/12-13 $501,603 $559,224 $676,906 21% $641,000 $753,000 17%
7/1/13-14 $577,362 $677,918 $697,441 3% $792,000 $833,000 5%
7/1/14-15 $473,781 $670,097 $818,595 22% $844,000 $989,000 17%
7/1/15-16 $83,449 $525,983 $272,878 -48% $850,000 $436,000 -49%
7/1/16-17 $344,498 $531,519 54% $814,000 $951,000 17%
7/1/17-18 $78,179 $20,747 -73% $812,000 $656,000 -19%

Total $9,666,342 $11,205,806 $11,693,512 4% $14,002,000 $14,085,000 1%

Columns (B), (F):  From previous actuarial report Column (E) = [(D) / (C)] - 1
Column (C):  Derived using LDF's from previous actuarial report Column (G):  Exhibit V
Column (D):  Exhibit I, limited to retention Column (H) = [(G) / (F)] - 1

Comparison of Results with Report Valued as of December 31, 2015
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Roanoke County Exhibit XV

Workers Compensation

(1) Estimated Outstanding Losses as of 12/31/17 $2,064,000
{ Exhibit XII-1 }

(2) Forecast Losses for 1/1-6/30/18 $328,000
{ Exhibit XII-1 }

(3) Required Funding as of 12/31/17 $2,392,000
{ (1) + (2) }

(4) Projected Payments during 1/1-6/30/18 $316,000
{ Exhibit XIII-1 }

(5) Estimated Outstanding Losses as of 6/30/18 $2,076,000
{ (3) – (4) }

(6) Forecast Losses for 7/1/18-19 $787,000
{ Exhibit VI }

(7) Required Funding as of 6/30/18 $2,863,000
{ (5) + (6) }

(8) Projected Payments during 7/1/18-19 $675,000
{ Exhibit XIII-1 }

(9) Estimated Outstanding Losses as of 6/30/19 $2,188,000
{ (7) – (8) }

(10) Forecast Losses for 7/1/19-20 $809,000
{ Exhibit VI }

(11) Required Funding as of 6/30/19 $2,997,000
{ (9) + (10) }

Funding at the Expected Level
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6 
 

 

 

Exhibits: Automobile Liability 

The “Analysis” section of this report presents a discussion of the following 
exhibits: 

Exhibit I Summary of Experience 

Exhibit II Summary of Claims Over $30,000 

Exhibit III Estimation of Ultimate Small Losses at 7/1/18­19 Cost Level 

Exhibit IV Calculation of Forecast Small Losses 

Exhibit V Calculation of Forecast Number of Large Losses 

Exhibit VI Calculation of Forecast Losses 

Exhibit VII Forecast Losses at Various Confidence Levels 

Exhibit VIII Estimation of Ultimate Losses: Loss Development Methods 

Exhibit IX Estimation of Ultimate Losses: Bornhuetter/Ferguson Methods 

Exhibit X Selection of Ultimate Limited Loss Estimates 

Exhibit XI 
Estimated Ultimate Claims 

Estimation of Claim Severities 

Exhibit XII 
Calculation of Required Reserves 

Estimated Outstanding Losses at Various Confidence Levels 

Exhibit XIII 
Projection of Loss Payments Over the Next Ten Years 

Projected Payment Pattern at Various Confidence Levels 

Exhibit XIV Comparison of Results: Current to Prior Estimates 

Exhibit XV Required Funding 
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Roanoke County Exhibit I

Auto Liability

(B) (C) (D) (E) (F) (G)

Evaluation Maturity Reported Paid Reported
Begin End Date (months) Claims Losses Losses Vehicles+

7/1/1994 6/30/1995 12/31/2017 282 4 $3,353 $3,353 326
7/1/1995 6/30/1996 12/31/2017 270 16 $18,395 $18,395 327
7/1/1996 6/30/1997 12/31/2017 258 7 $13,214 $13,214 328
7/1/1997 6/30/1998 12/31/2017 246 10 $19,700 $19,700 329
7/1/1998 6/30/1999 12/31/2017 234 7 $11,376 $11,376 330
7/1/1999 6/30/2000 12/31/2017 222 14 $15,316 $15,316 321
7/1/2000 6/30/2001 12/31/2017 210 23 $32,819 $32,819 335
7/1/2001 6/30/2002 12/31/2017 198 18 $116,482 $116,482 343
7/1/2002 6/30/2003 12/31/2017 186 18 $17,543 $17,543 347
7/1/2003 6/30/2004 12/31/2017 174 22 $35,067 $35,067 351
7/1/2004 6/30/2005 12/31/2017 162 11 $123,899 $123,899 314
7/1/2005 6/30/2006 12/31/2017 150 17 $42,764 $42,764 319
7/1/2006 6/30/2007 12/31/2017 138 14 $66,223 $66,223 337
7/1/2007 6/30/2008 12/31/2017 126 17 $23,803 $23,803 352
7/1/2008 6/30/2009 12/31/2017 114 25 $26,281 $26,281 359
7/1/2009 6/30/2010 12/31/2017 102 9 $30,280 $30,280 398
7/1/2010 6/30/2011 12/31/2017 90 10 $4,321 $4,321 383
7/1/2011 6/30/2012 12/31/2017 78 18 $45,045 $45,045 393
7/1/2012 6/30/2013 12/31/2017 66 10 $61,905 $87,990 384
7/1/2013 6/30/2014 12/31/2017 54 12 $27,294 $27,294 405
7/1/2014 6/30/2015 12/31/2017 42 9 $17,861 $17,861 405
7/1/2015 6/30/2016 12/31/2017 30 23 $46,689 $46,689 409
7/1/2016 6/30/2017 12/31/2017 18 26 $25,478 $25,478 407
7/1/2017 6/30/2018 12/31/2017 6 13 $7,647 $11,929 418
7/1/2018 6/30/2019 425
7/1/2019 6/30/2020 425

Total 353 $832,758 $863,124 9,470

*  Loss and exposure information supplied by VACO
+ Estimated for 2017-18 through 2019-20

Summary of Experience*

(A)

Period
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Roanoke County Exhibit II

Auto Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I)

Severity Trend Trended
Claim Accident Paid Reported Historical Development Developed Factor Developed

Number Date Losses Losses Retention Factor Losses to 7/1/18-19 Losses

772001003296 7/5/2001 $63,854 $63,854 $250,000 1.000 $63,854 1.839 $117,421

772005013905 6/11/2005 $104,942 $104,942 $250,000 1.000 $104,942 1.618 $169,838

772006021563 11/29/2006 $33,620 $33,620 $250,000 1.000 $33,620 1.482 $49,822

772012064162 7/31/2012 $16,915 $43,000 $250,000 1.013 $43,552 1.183 $51,541

Columns (A) through (E):  Provided by VACO
Column (F) = RLDF/CCDF
Column (G) = (D) * (F)
Column (H):  Appendix B
Column (I) = (G) * (H)

Summary of Claims over $30,000
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Roanoke County Exhibit III

Auto Liability

(A) (B) (C) (D) (E) (F) (G)

Reported Reported Trend Reported Ultimate

Accident Reported on Large on Small Factor Develop. on Small

Period Losses Claims Claims to 7/1/18-19 Factor Claims

7/1/94-95 $3,353 $0 $3,353 2.436 1.000 $8,000

7/1/95-96 $18,395 $0 $18,395 2.340 1.000 $43,000

7/1/96-97 $13,214 $0 $13,214 2.255 1.000 $30,000

7/1/97-98 $19,700 $0 $19,700 2.174 1.000 $43,000

7/1/98-99 $11,376 $0 $11,376 2.093 1.000 $24,000

7/1/99-00 $15,316 $0 $15,316 2.003 1.000 $31,000

7/1/00-01 $32,819 $0 $32,819 1.919 1.000 $63,000

7/1/01-02 $116,482 $63,854 $52,628 1.839 1.000 $97,000

7/1/02-03 $17,543 $0 $17,543 1.763 1.000 $31,000

7/1/03-04 $35,067 $0 $35,067 1.692 1.000 $59,000

7/1/04-05 $123,899 $104,942 $18,957 1.618 1.000 $31,000

7/1/05-06 $42,764 $0 $42,764 1.549 1.000 $66,000

7/1/06-07 $66,223 $0 $66,223 1.482 1.000 $98,000

7/1/07-08 $23,803 $0 $23,803 1.420 1.000 $34,000

7/1/08-09 $26,281 $0 $26,281 1.359 1.000 $36,000

7/1/09-10 $30,280 $0 $30,280 1.306 1.000 $40,000

7/1/10-11 $4,321 $0 $4,321 1.259 1.000 $5,000

7/1/11-12 $45,045 $0 $45,045 1.216 1.000 $55,000

7/1/12-13 $87,990 $43,000 $44,990 1.183 1.013 $54,000

7/1/13-14 $27,294 $0 $27,294 1.151 1.033 $32,000

7/1/14-15 $17,861 $0 $17,861 1.117 1.085 $22,000

7/1/15-16 $46,689 $0 $46,689 1.086 1.226 $62,000

7/1/16-17 $25,478 $0 $25,478 1.057 1.619 $44,000

Total $851,195 $211,796 $639,399 $1,008,000

(H) (I) (J) (K) (L) (M) (N)

Paid Paid Trend Paid Ultimate

Accident Paid on Large on Small Factor Develop. on Small

Period Losses Claims Claims to 7/1/18-19 Factor Claims

7/1/94-95 $3,353 $0 $3,353 2.436 1.000 $8,000

7/1/95-96 $18,395 $0 $18,395 2.340 1.000 $43,000

7/1/96-97 $13,214 $0 $13,214 2.255 1.000 $30,000

7/1/97-98 $19,700 $0 $19,700 2.174 1.000 $43,000

7/1/98-99 $11,376 $0 $11,376 2.093 1.000 $24,000

7/1/99-00 $15,316 $0 $15,316 2.003 1.000 $31,000

7/1/00-01 $32,819 $0 $32,819 1.919 1.000 $63,000

7/1/01-02 $116,482 $63,854 $52,628 1.839 1.000 $97,000

7/1/02-03 $17,543 $0 $17,543 1.763 1.000 $31,000

7/1/03-04 $35,067 $0 $35,067 1.692 1.000 $59,000

7/1/04-05 $123,899 $104,942 $18,957 1.618 1.000 $31,000

7/1/05-06 $42,764 $0 $42,764 1.549 1.000 $66,000

7/1/06-07 $66,223 $0 $66,223 1.482 1.000 $98,000

7/1/07-08 $23,803 $0 $23,803 1.420 1.000 $34,000

7/1/08-09 $26,281 $0 $26,281 1.359 1.000 $36,000

7/1/09-10 $30,280 $0 $30,280 1.306 1.000 $40,000

7/1/10-11 $4,321 $0 $4,321 1.259 1.000 $5,000

7/1/11-12 $45,045 $0 $45,045 1.216 1.000 $55,000

7/1/12-13 $61,905 $16,915 $44,990 1.183 1.033 $55,000

7/1/13-14 $27,294 $0 $27,294 1.151 1.071 $34,000

7/1/14-15 $17,861 $0 $17,861 1.117 1.169 $23,000

7/1/15-16 $46,689 $0 $46,689 1.086 1.453 $74,000

7/1/16-17 $25,478 $0 $25,478 1.057 2.421 $65,000

Total $825,110 $185,712 $639,399 $1,045,000

Columns (B), (I):  Exhibit I Column (G) = (D) * (E) * (F)

Columns (C), (J):  Exhibit II Column (K) = (I) - (J)

Column (D) = (B) - (C) Column (M):  Appendix A2

Columns (E), (L):  Appendix B Column (N) = (K) * (L) * (M)

Column (F):  Appendix A1

Estimation of Ultimate Limited Losses Less Than $50,000
At the 2018-19 Loss Level

Using Loss Development Method

Reported Method

Paid Method
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Roanoke County Exhibit IV

Auto Liability

(A) (B) (C) (D) (E) (F)
Trended
Ultimate Trend

Accident Small Factor Trended Loss
Period Losses Exposure 7/1/18-19 Exposure Rate

7/1/94-95 $8,000 326 1.000 326 $25
7/1/95-96 $43,000 327 1.000 327 $131
7/1/96-97 $30,000 328 1.000 328 $91
7/1/97-98 $43,000 329 1.000 329 $131
7/1/98-99 $24,000 330 1.000 330 $73
7/1/99-00 $31,000 321 1.000 321 $97
7/1/00-01 $63,000 335 1.000 335 $188
7/1/01-02 $97,000 343 1.000 343 $283
7/1/02-03 $31,000 347 1.000 347 $89
7/1/03-04 $59,000 351 1.000 351 $168
7/1/04-05 $31,000 314 1.000 314 $99
7/1/05-06 $66,000 319 1.000 319 $207
7/1/06-07 $98,000 337 1.000 337 $291
7/1/07-08 $34,000 352 1.000 352 $97
7/1/08-09 $36,000 359 1.000 359 $100
7/1/09-10 $40,000 398 1.000 398 $101
7/1/10-11 $5,000 383 1.000 383 $13
7/1/11-12 $55,000 393 1.000 393 $140
7/1/12-13 $55,000 384 1.000 384 $143
7/1/13-14 $33,000 405 1.000 405 $81
7/1/14-15 $23,000 405 1.000 405 $57
7/1/15-16 $68,000 409 1.000 409 $166
7/1/16-17 $55,000 407 1.000 407 $135

Total $1,028,000 8,202 8,202 $125

7/1/18-19

Selected Loss Rate: $125
{ Wtd Avg of All Years } 

Forecast Exposure: 425
{ Exhibit I } 

Forecast Small Losses $53,000
{ Line (1) x Line (2) } 

Column (B) = Average of (G) and (N), Exhibit III
Column (C):  Exhibit I
Column (D):  No Trend for Vehicles
Column (E) = (C) * (D)
Column (F) = (B) / (E)

Calculation of Forecast Losses Less Than $50,000
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Roanoke County Exhibit V

Auto Liability

(A) (B) (C) (D) (E)

Claim Estimated
Accident Number Development Ultimate Trended
Period of Claims Factor Claims Exposure

7/1/94-95 0 1.000 0.0 326
7/1/95-96 0 1.000 0.0 327
7/1/96-97 0 1.000 0.0 328
7/1/97-98 0 1.000 0.0 329
7/1/98-99 0 1.000 0.0 330
7/1/99-00 0 1.000 0.0 321
7/1/00-01 0 1.000 0.0 335
7/1/01-02 1 1.000 1.0 343
7/1/02-03 0 1.000 0.0 347
7/1/03-04 0 1.000 0.0 351
7/1/04-05 1 1.000 1.0 314
7/1/05-06 0 1.000 0.0 319
7/1/06-07 0 1.000 0.0 337
7/1/07-08 0 1.000 0.0 352
7/1/08-09 0 1.000 0.0 359
7/1/09-10 0 1.000 0.0 398
7/1/10-11 0 1.000 0.0 383
7/1/11-12 0 1.000 0.0 393
7/1/12-13 1 1.000 1.0 384
7/1/13-14 0 1.000 0.0 405
7/1/14-15 0 1.000 0.0 405
7/1/15-16 0 1.002 0.0 409
7/1/16-17 0 1.013 0.0 407

Total 3 3.0 8,202

7/1/18-19

Exposures Per Large Loss 2,734
{ Weighted Average of All Years  }

Exposure 425

Forecast Number of Large Losses 0.16

Column (B):  Exhibit II
Column (C):  Appendix A3
Column (D) = (B) * (C)
Column (E):  Exhibit IV

Forecast Number of Large Losses Over $50,000
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Roanoke County Exhibit VI

Auto Liability

7/1/16-17 7/1/17-18 7/1/18-19 7/1/19-20

(1) Forecast Losses less than $50,000: $53,000
          { Exhibit IV }

(2) Expected Number of Losses over $50,000: 0.16
          { Exhibit V }

(3) Expected Severity of Losses over $50,000 Limited to $250,000: $133,000
          { Derived from VA Association of Counties Large Loss Experience }

(4) Forecast Losses Limited to $250,000: $67,000 $71,000 $74,000 $76,000
          { Line(1) + Line(2) * Line(3) for 7/1/18-19;
            Line(5) * Line(6) for other forecast periods }

(5) Forecast Exposure 407 418 425 425
          { Exhibit I }

(6) Forecast Loss Rate (per vehicle) $165 $169 $174 $179
          { Line(4) / Line(5) for 7/1/18-19; 7/1/18-19 rate adjusted
            for trend for 7/1/16-17, 7/1/17-18 and 7/1/19-20 }

Calculation of Forecast Losses
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Roanoke County Exhibit VII

Auto Liability

(A) (B) (C) (D)
Probability Probability

That Losses Estimated Estimated That Losses
Will Be 7/1/18-19 7/1/19-20 Will Be

Less Than Ultimate Ultimate Greater
Or Equal to Limited Limited Than
Column (B) Losses Losses Column (B)

50% $49,000 $50,000 50%
55% $54,000 $55,000 45%

60% $61,000 $63,000 40%
65% $68,000 $70,000 35%
70% $78,000 $80,000 30%
75% $90,000 $92,000 25%
80% $107,000 $110,000 20%
85% $129,000 $132,000 15%
90% $166,000 $170,000 10%
95% $242,000 $249,000 5%

68% $74,000 $76,000 32%

$70,000 $72,000

- Based on Lognormal Distribution for Small Losses,

  Inverse Weibull Distribution for Large Loss Severity 

  and Poisson Distribution for Large Loss Frequency

Aggregate Loss Distribution
For Forecast Periods

Expected Losses

Discounted at 2.5%
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Roanoke County Exhibit VIII

Auto Liability

(A) (B) (C) (D) (E) (F) (G) (H)

Reported Reported Reported Ultimate Provision Estimated

Accident Reported on Large on Small Develop. on Small for Large Ultimate

Period Losses Claims Claims Factor Claims Claims Losses

7/1/94-95 $3,353 $0 $3,353 1.000 $3,400 $0 $3,000

7/1/95-96 $18,395 $0 $18,395 1.000 $18,400 $0 $18,000

7/1/96-97 $13,214 $0 $13,214 1.000 $13,200 $0 $13,000

7/1/97-98 $19,700 $0 $19,700 1.000 $19,700 $0 $20,000

7/1/98-99 $11,376 $0 $11,376 1.000 $11,400 $0 $11,000

7/1/99-00 $15,316 $0 $15,316 1.000 $15,300 $0 $15,000

7/1/00-01 $32,819 $0 $32,819 1.000 $32,800 $0 $33,000

7/1/01-02 $116,482 $0 $116,482 1.000 $116,500 $0 $117,000

7/1/02-03 $17,543 $0 $17,543 1.000 $17,500 $0 $18,000

7/1/03-04 $35,067 $0 $35,067 1.000 $35,100 $0 $35,000

7/1/04-05 $123,899 $0 $123,899 1.000 $123,900 $0 $124,000

7/1/05-06 $42,764 $0 $42,764 1.000 $42,800 $0 $43,000

7/1/06-07 $66,223 $0 $66,223 1.000 $66,200 $0 $66,000

7/1/07-08 $23,803 $0 $23,803 1.000 $23,800 $0 $24,000

7/1/08-09 $26,281 $0 $26,281 1.000 $26,300 $0 $26,000

7/1/09-10 $30,280 $0 $30,280 1.000 $30,300 $0 $30,000

7/1/10-11 $4,321 $0 $4,321 1.000 $4,300 $0 $4,000

7/1/11-12 $45,045 $0 $45,045 1.000 $45,000 $0 $45,000

7/1/12-13 $87,990 $0 $87,990 1.013 $89,100 $0 $89,000

7/1/13-14 $27,294 $0 $27,294 1.033 $28,200 $0 $28,000

7/1/14-15 $17,861 $0 $17,861 1.085 $19,400 $0 $19,000

7/1/15-16 $46,689 $0 $46,689 1.226 $57,300 $0 $57,000

7/1/16-17 $25,478 $0 $25,478 1.619 $41,300 $0 $41,000

Total $851,000 $0 $851,195 $881,200 $0 $879,000

(I) (J) (K) (L) (M) (N) (O) (P)

Paid Paid Paid Ultimate Provision Estimated

Accident Paid on Large on Small Develop. on Small for Large Ultimate

Period Losses Claims Claims Factor Claims Claims Losses

7/1/94-95 $3,353 $0 $3,353 1.000 $3,400 $0 $3,000

7/1/95-96 $18,395 $0 $18,395 1.000 $18,400 $0 $18,000

7/1/96-97 $13,214 $0 $13,214 1.000 $13,200 $0 $13,000

7/1/97-98 $19,700 $0 $19,700 1.000 $19,700 $0 $20,000

7/1/98-99 $11,376 $0 $11,376 1.000 $11,400 $0 $11,000

7/1/99-00 $15,316 $0 $15,316 1.000 $15,300 $0 $15,000

7/1/00-01 $32,819 $0 $32,819 1.000 $32,800 $0 $33,000

7/1/01-02 $116,482 $0 $116,482 1.000 $116,500 $0 $117,000

7/1/02-03 $17,543 $0 $17,543 1.000 $17,500 $0 $18,000

7/1/03-04 $35,067 $0 $35,067 1.000 $35,100 $0 $35,000

7/1/04-05 $123,899 $0 $123,899 1.000 $123,900 $0 $124,000

7/1/05-06 $42,764 $0 $42,764 1.000 $42,800 $0 $43,000

7/1/06-07 $66,223 $0 $66,223 1.000 $66,200 $0 $66,000

7/1/07-08 $23,803 $0 $23,803 1.000 $23,800 $0 $24,000

7/1/08-09 $26,281 $0 $26,281 1.000 $26,300 $0 $26,000

7/1/09-10 $30,280 $0 $30,280 1.000 $30,300 $0 $30,000

7/1/10-11 $4,321 $0 $4,321 1.000 $4,300 $0 $4,000

7/1/11-12 $45,045 $0 $45,045 1.000 $45,000 $0 $45,000

7/1/12-13 $61,905 $0 $61,905 1.033 $63,900 $0 $64,000

7/1/13-14 $27,294 $0 $27,294 1.071 $29,200 $0 $29,000

7/1/14-15 $17,861 $0 $17,861 1.169 $20,900 $0 $21,000

7/1/15-16 $46,689 $0 $46,689 1.453 $67,900 $0 $68,000

7/1/16-17 $25,478 $0 $25,478 2.421 $61,700 $0 $62,000

Total $825,000 $0 $825,110 $889,500 $0 $889,000

Colums (B), (J): Exhibit I Columns (G), (O) = Claim count in (C) x CCDF x Specific Retention

Columns (C), (K):  Exhibit II Column (H) = (F) + (G)

Column (D) = (B) - (C) Column (L) = (J) - (K)

Columns (E), (M):  Appendix A Column (N) = (L) x (M)

Column (F) = (D) x (E) Column (P) = (N) + (O)

Estimation of Limited Ultimate Losses
Using Loss Development Method

Reported Method

Paid Method
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Roanoke County Exhibit IX

Auto Liability

(A) (B) (C) (D) (E) (F) (G)

Previous Reported

Estimate or Estimated Estimated Losses Estimated

Accident Forecast Reported Percent IBNR as of Ultimate

Period Losses LDF Unreported Losses 12/31/2017 Losses

7/1/94-95 $3,353 1.000 0% $0 $3,353 $3,000

7/1/95-96 $18,395 1.000 0% $0 $18,395 $18,000

7/1/96-97 $13,214 1.000 0% $0 $13,214 $13,000

7/1/97-98 $19,700 1.000 0% $0 $19,700 $20,000

7/1/98-99 $11,376 1.000 0% $0 $11,376 $11,000

7/1/99-00 $15,316 1.000 0% $0 $15,316 $15,000

7/1/00-01 $32,819 1.000 0% $0 $32,819 $33,000

7/1/01-02 $116,482 1.000 0% $0 $116,482 $116,000

7/1/02-03 $17,543 1.000 0% $0 $17,543 $18,000

7/1/03-04 $35,067 1.000 0% $0 $35,067 $35,000

7/1/04-05 $123,899 1.000 0% $0 $123,899 $124,000

7/1/05-06 $42,764 1.000 0% $0 $42,764 $43,000

7/1/06-07 $66,223 1.000 0% $0 $66,223 $66,000

7/1/07-08 $23,803 1.000 0% $0 $23,803 $24,000

7/1/08-09 $26,281 1.000 0% $0 $26,281 $26,000

7/1/09-10 $30,280 1.000 0% $0 $30,280 $30,000

7/1/10-11 $4,321 1.000 0% $0 $4,321 $4,000

7/1/11-12 $45,045 1.000 0% $0 $45,045 $45,000

7/1/12-13 $74,000 1.013 1% $900 $87,990 $89,000

7/1/13-14 $44,000 1.033 3% $1,400 $27,294 $29,000

7/1/14-15 $61,000 1.085 8% $4,800 $17,861 $23,000

7/1/15-16 $63,000 1.226 18% $11,600 $46,689 $58,000

7/1/16-17 $67,000 1.619 38% $25,600 $25,478 $51,000

7/1/17-18 $71,000 4.658 79% $55,800 $11,929 $68,000

Total $1,026,000 $100,000 $863,124 $962,000

(H) (I) (J) (K) (L) (M) (N)

Previous Paid

Estimate or Estimated Estimated Losses Estimated

Accident Forecast Paid Percent Unpaid as of Ultimate

Period Losses LDF Unpaid Losses 12/31/2017 Losses

7/1/94-95 $3,353 1.000 0% $0 $3,353 $3,000

7/1/95-96 $18,395 1.000 0% $0 $18,395 $18,000

7/1/96-97 $13,214 1.000 0% $0 $13,214 $13,000

7/1/97-98 $19,700 1.000 0% $0 $19,700 $20,000

7/1/98-99 $11,376 1.000 0% $0 $11,376 $11,000

7/1/99-00 $15,316 1.000 0% $0 $15,316 $15,000

7/1/00-01 $32,819 1.000 0% $0 $32,819 $33,000

7/1/01-02 $116,482 1.000 0% $0 $116,482 $116,000

7/1/02-03 $17,543 1.000 0% $0 $17,543 $18,000

7/1/03-04 $35,067 1.000 0% $0 $35,067 $35,000

7/1/04-05 $123,899 1.000 0% $0 $123,899 $124,000

7/1/05-06 $42,764 1.000 0% $0 $42,764 $43,000

7/1/06-07 $66,223 1.000 0% $0 $66,223 $66,000

7/1/07-08 $23,803 1.000 0% $0 $23,803 $24,000

7/1/08-09 $26,281 1.000 0% $0 $26,281 $26,000

7/1/09-10 $30,280 1.000 0% $0 $30,280 $30,000

7/1/10-11 $4,321 1.000 0% $0 $4,321 $4,000

7/1/11-12 $45,045 1.000 0% $0 $45,045 $45,000

7/1/12-13 $74,000 1.033 3% $2,400 $61,905 $64,000

7/1/13-14 $44,000 1.071 7% $2,900 $27,294 $30,000

7/1/14-15 $61,000 1.169 14% $8,800 $17,861 $27,000

7/1/15-16 $63,000 1.453 31% $19,700 $46,689 $66,000

7/1/16-17 $67,000 2.421 59% $39,300 $25,478 $65,000

7/1/17-18 $71,000 9.621 90% $63,600 $7,647 $71,000

Total $1,026,000 $137,000 $832,758 $967,000

Columns (B), (I):  Prior analysis; Exhibit VI for 2016-17 and 2017-18 Column (G) = (E) + (F)

Columns (C), (J):  Appendix A Column (K) = [ 1 - 1 / (J) ] 

Column (D) = [ 1 - 1 / (C) ] Column (L) = (I) x (K)

Columns (E) = (B) x (D) Column (N) = (L) + (M)

Column (F), (M):  Exhibit I

Estimation of Limited Ultimate Losses
Using the Bornhuetter-Ferguson Method

Reported Method

Paid Method
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Roanoke County Exhibit X

Auto Liability

(A) (B) (C) (D) (E) (F) (G)
Prior Reported Paid Reported Paid

Estimate Loss Loss Bornhuetter- Bornhuetter- Selected
Accident or Development Development Ferguson Ferguson Ultimate
Period Forecast Method Method Method Method Losses

7/1/94-95 $3,353 $3,000 $3,000 $3,000 $3,000 $3,353
7/1/95-96 $18,395 $18,000 $18,000 $18,000 $18,000 $18,395
7/1/96-97 $13,214 $13,000 $13,000 $13,000 $13,000 $13,214
7/1/97-98 $19,700 $20,000 $20,000 $20,000 $20,000 $19,700
7/1/98-99 $11,376 $11,000 $11,000 $11,000 $11,000 $11,376
7/1/99-00 $15,316 $15,000 $15,000 $15,000 $15,000 $15,316
7/1/00-01 $32,819 $33,000 $33,000 $33,000 $33,000 $32,819
7/1/01-02 $116,482 $117,000 $117,000 $116,000 $116,000 $116,482
7/1/02-03 $17,543 $18,000 $18,000 $18,000 $18,000 $17,543
7/1/03-04 $35,067 $35,000 $35,000 $35,000 $35,000 $35,067
7/1/04-05 $123,899 $124,000 $124,000 $124,000 $124,000 $123,899
7/1/05-06 $42,764 $43,000 $43,000 $43,000 $43,000 $42,764
7/1/06-07 $66,223 $66,000 $66,000 $66,000 $66,000 $66,223
7/1/07-08 $23,803 $24,000 $24,000 $24,000 $24,000 $23,803
7/1/08-09 $26,281 $26,000 $26,000 $26,000 $26,000 $26,281
7/1/09-10 $30,280 $30,000 $30,000 $30,000 $30,000 $30,280
7/1/10-11 $4,321 $4,000 $4,000 $4,000 $4,000 $4,321
7/1/11-12 $45,045 $45,000 $45,000 $45,000 $45,000 $45,045
7/1/12-13 $74,000 $89,000 $64,000 $89,000 $64,000 $89,000
7/1/13-14 $44,000 $28,000 $29,000 $29,000 $30,000 $27,294
7/1/14-15 $61,000 $19,000 $21,000 $23,000 $27,000 $17,861
7/1/15-16 $63,000 $57,000 $68,000 $58,000 $66,000 $58,000
7/1/16-17 $67,000 $41,000 $62,000 $51,000 $65,000 $51,000
7/1/17-18 $71,000 -- -- $68,000 $71,000 $71,000

Total $1,026,000 $879,000 $889,000 $962,000 $967,000 $960,000

Column (B):  Prior analysis as of 12/31/2015; Exhibit VI for 2016-17 and 2017-18
Columns (C), (D):  Exhibit VIII
Columns (E), (F):  Exhibit IX
Column (G):  Limited reported losses for 94-95 through 11-12 and 13-14 through 14-15
                     Column (C) for 12-13
                     Column (E) for 15-16 and 16-17
                     Column (B) for 17-18

Summary and Selection of Limited Ultimate Losses
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Roanoke County Exhibit XI

Auto Liability Page 1

(A) (B) (C) (D) (E) (F)

Claim Estimated
Accident Number Development Ultimate Claim
Period of Claims Factor Claims Exposure Frequency*

7/1/94-95 4 1.000 4.0 326 1.2
7/1/95-96 16 1.000 16.0 327 4.9
7/1/96-97 7 1.000 7.0 328 2.1
7/1/97-98 10 1.000 10.0 329 3.0
7/1/98-99 7 1.000 7.0 330 2.1
7/1/99-00 14 1.000 14.0 321 4.4
7/1/00-01 23 1.000 23.0 335 6.9
7/1/01-02 18 1.000 18.0 343 5.2
7/1/02-03 18 1.000 18.0 347 5.2
7/1/03-04 22 1.000 22.0 351 6.3
7/1/04-05 11 1.000 11.0 314 3.5
7/1/05-06 17 1.000 17.0 319 5.3
7/1/06-07 14 1.000 14.0 337 4.2
7/1/07-08 17 1.000 17.0 352 4.8
7/1/08-09 25 1.000 25.0 359 7.0
7/1/09-10 9 1.000 9.0 398 2.3
7/1/10-11 10 1.000 10.0 383 2.6
7/1/11-12 18 1.000 18.0 393 4.6
7/1/12-13 10 1.000 10.0 384 2.6
7/1/13-14 12 1.000 12.0 405 3.0
7/1/14-15 9 1.000 9.0 405 2.2
7/1/15-16 23 1.002 23.0 409 5.6
7/1/16-17 26 1.013 26.3 407 6.5

Total 340 340.4 8,202 4.2

7/1/17-18 7/1/18-19

(1) Selected Claim Frequency 4.2 4.2
{ Weighted Average of All Years  }

(2) Projected Exposure 418 425
        { Exhibit I }

(3) Forecast Ultimate Claims: 17.3 17.6
        { Line (1) x Line (2) / 100 }

(4) Estimated claims unreported 9.5
        { (1 - 1 / CCDF) x (3) }

(5) Reported claims 13
        { Exhibit I }

(6) Estimate of Ultimate Claims 22.5 17.6
        { (4) + (5) or (3) }

* Shown as claims per 100 vehicles

Columns (B), (E):  Exhibit I
Column (C):  Appendix A3
Column (D) = (B) * (C)
Column (F) = (D) / (E) * 100

Estimated Ultimate Reported Claims
and Claim Frequencies
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Roanoke County Exhibit XI

Auto Liability Page 2

(A) (B) (C) (D) (E) (F)
Selected

Estimated Estimated Estimated
Accident Ultimate Ultimate Ultimate Cost per
Period Claims Losses Severity Exposure Vehicle

7/1/94-95 4.0 $3,353 $800 326 $10
7/1/95-96 16.0 $18,395 $1,100 327 $56
7/1/96-97 7.0 $13,214 $1,900 328 $40
7/1/97-98 10.0 $19,700 $2,000 329 $60
7/1/98-99 7.0 $11,376 $1,600 330 $34
7/1/99-00 14.0 $15,316 $1,100 321 $48
7/1/00-01 23.0 $32,819 $1,400 335 $98
7/1/01-02 18.0 $116,482 $6,500 343 $340
7/1/02-03 18.0 $17,543 $1,000 347 $51
7/1/03-04 22.0 $35,067 $1,600 351 $100
7/1/04-05 11.0 $123,899 $11,300 314 $395
7/1/05-06 17.0 $42,764 $2,500 319 $134
7/1/06-07 14.0 $66,223 $4,700 337 $197
7/1/07-08 17.0 $23,803 $1,400 352 $68
7/1/08-09 25.0 $26,281 $1,100 359 $73
7/1/09-10 9.0 $30,280 $3,400 398 $76
7/1/10-11 10.0 $4,321 $400 383 $11
7/1/11-12 18.0 $45,045 $2,500 393 $115
7/1/12-13 10.0 $89,000 $8,900 384 $232
7/1/13-14 12.0 $27,294 $2,300 405 $67
7/1/14-15 9.0 $17,861 $2,000 405 $44
7/1/15-16 23.0 $58,000 $2,500 409 $142
7/1/16-17 26.3 $51,000 $1,900 407 $125
7/1/17-18 22.5 $71,000 $3,200 418 $170
7/1/18-19 17.6 $74,000 $4,200 425 $174

Total 380.5 $1,034,000 $2,700 9,045 $114

Columns (B), (E):  Exhibit XI, page 1
Column (C):  Exhibit X; Exhibit VI for the forecast period
Column (D) = (C) / (B)
Column (E) = Exhibit I
Column (F) = (C) / (E)

Estimation of Claim Severities
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Roanoke County Exhibit XII

Auto Liability Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I)
Total

Selected Limited Limited Total Discount Discounted
Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at
Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

7/1/94-95 $3,353 $3,353 $3,353 $0 $0 $0 1.000 $0
7/1/95-96 $18,395 $18,395 $18,395 $0 $0 $0 1.000 $0
7/1/96-97 $13,214 $13,214 $13,214 $0 $0 $0 1.000 $0
7/1/97-98 $19,700 $19,700 $19,700 $0 $0 $0 1.000 $0
7/1/98-99 $11,376 $11,376 $11,376 $0 $0 $0 1.000 $0
7/1/99-00 $15,316 $15,316 $15,316 $0 $0 $0 1.000 $0
7/1/00-01 $32,819 $32,819 $32,819 $0 $0 $0 1.000 $0
7/1/01-02 $116,482 $116,482 $116,482 $0 $0 $0 1.000 $0
7/1/02-03 $17,543 $17,543 $17,543 $0 $0 $0 1.000 $0
7/1/03-04 $35,067 $35,067 $35,067 $0 $0 $0 1.000 $0
7/1/04-05 $123,899 $123,899 $123,899 $0 $0 $0 1.000 $0
7/1/05-06 $42,764 $42,764 $42,764 $0 $0 $0 1.000 $0
7/1/06-07 $66,223 $66,223 $66,223 $0 $0 $0 1.000 $0
7/1/07-08 $23,803 $23,803 $23,803 $0 $0 $0 1.000 $0
7/1/08-09 $26,281 $26,281 $26,281 $0 $0 $0 1.000 $0
7/1/09-10 $30,280 $30,280 $30,280 $0 $0 $0 1.000 $0
7/1/10-11 $4,321 $4,321 $4,321 $0 $0 $0 1.000 $0
7/1/11-12 $45,045 $45,045 $45,045 $0 $0 $0 1.000 $0
7/1/12-13 $89,000 $61,905 $87,990 $26,085 $1,000 $27,000 0.988 $26,700
7/1/13-14 $27,294 $27,294 $27,294 $0 $0 $0 0.976 $0
7/1/14-15 $17,861 $17,861 $17,861 $0 $0 $0 0.972 $0
7/1/15-16 $58,000 $46,689 $46,689 $0 $11,000 $11,000 0.969 $10,700
7/1/16-17 $51,000 $25,478 $25,478 $0 $26,000 $26,000 0.965 $25,100

7/1-12/31/17 $36,000 $7,647 $11,929 $4,282 $24,000 $28,000 0.958 $26,800

Total $925,000 $832,758 $863,124 $30,366 $62,000 $92,000 $89,000

1/1-6/30/18 $35,000

Column (B):  Exhibit X; prorated for 7/1/17-18
Columns (C), (D):  Exhibit IX
Column (E) = (D) - (C)
Column (F) = (B) - (D)
Column (G) = (E) + (F)
Column (H):  Appendix D
Column (I) = (G) * (H)

Calculation of Required Reserves
As of December 31, 2017
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Roanoke County Exhibit XII

Auto Liability Page 2

(A) (B) (C) (D) (E) (F) (G) (H)
Estimated Limited Limited Estimated Estimated Discount Discounted

Confidence Ultimate Paid Reported Case Unreported Outstanding Factor Outstanding
Level Losses Losses Losses Reserves Losses Losses at 2.5% Losses

50% $923,000 $832,758 $863,124 $30,366 $59,900 $90,200 0.967 $87,300
55% $926,000 $832,758 $863,124 $30,366 $62,900 $93,200 0.967 $90,200
60% $928,000 $832,758 $863,124 $30,366 $64,900 $95,200 0.967 $92,100
65% $932,000 $832,758 $863,124 $30,366 $68,900 $99,200 0.967 $96,000
70% $935,000 $832,758 $863,124 $30,366 $71,900 $102,200 0.967 $98,900
75% $939,000 $832,758 $863,124 $30,366 $75,900 $106,200 0.967 $102,700
80% $943,000 $832,758 $863,124 $30,366 $79,900 $110,200 0.967 $106,600
85% $948,000 $832,758 $863,124 $30,366 $84,900 $115,200 0.967 $111,400
90% $956,000 $832,758 $863,124 $30,366 $92,900 $123,200 0.967 $119,200
95% $968,000 $832,758 $863,124 $30,366 $104,900 $135,200 0.967 $130,800

Column (A):  Based on Lognormal Fit to Historical Development Experience of Virginia Association of Counties
Columns (B), (C):  Exhibit XII, page 1
Column (D) = (C) - (B)
Column (E) = (A) - (C)
Column (F) = (A) - (B) = (D) + (E)
Column (G):  Average Discount from Exhibit XII, page 1
Column (H) = (F) * (G)

As of December 31, 2017

Estimated Outstanding Losses
At Various Confidence Levels
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Roanoke County Exhibit XIII

Auto Liability Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 1/1-6/30/18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28

7/1/94-95 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/95-96 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/00-01 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/01-02 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/02-03 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/03-04 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/04-05 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/05-06 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/06-07 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/07-08 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/08-09 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/09-10 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/10-11 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/11-12 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/12-13 $27,000 $27,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/13-14 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/14-15 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/15-16 $11,000 $3,400 $4,100 $1,800 $1,600 $0 $0 $0 $0 $0 $0 $0
7/1/16-17 $26,000 $6,500 $10,000 $5,200 $2,300 $2,000 $0 $0 $0 $0 $0 $0

7/1-12/31/17 $28,000 $5,100 $9,100 $7,100 $3,600 $1,600 $1,400 $0 $0 $0 $0 $0

Subtotal $92,000 $42,000 $23,200 $14,100 $7,500 $3,600 $1,400 $0 $0 $0 $0 $0

1/1-6/30/18 $35,000 $6,000 $11,300 $8,800 $4,600 $2,000 $1,800 $0 $0 $0 $0 $0
7/1/18-19 $76,000 -- $20,400 $22,100 $17,200 $8,900 $4,000 $3,500 $0 $0 $0 $0

Total $203,000 $48,000 $54,900 $45,000 $29,300 $14,500 $7,200 $3,500 $0 $0 $0 $0

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A2 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 12/31/17)]}.

Projection of Loss Payout
For the Next Ten Fiscal Years
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Roanoke County Exhibit XIII

Auto Liability Page 2

(A) (B) (C) (D) (E) (F) (G)

Projected

Limited

Limited Limited Projected Outstanding Projected Projected

Limited Outstanding Paid Paid & Forecast Paid Outstanding

Aggregate Ultimate & Forecast Losses as of Losses as of Losses as of Losses as of Losses as of

Percentile Losses Losses 12/31/2017 6/30/2018 6/30/2018 6/30/2019 6/30/2019

50% $1,011,000 $178,000 $832,758 $875,000 $136,000 $923,200 $87,800

55% $1,019,000 $186,000 $832,758 $877,000 $142,000 $927,300 $91,700

60% $1,028,000 $195,000 $832,758 $879,000 $149,000 $931,800 $96,200

65% $1,038,000 $205,000 $832,758 $881,000 $157,000 $936,600 $101,400

70% $1,048,000 $215,000 $832,758 $884,000 $164,000 $942,100 $105,900

75% $1,061,000 $228,000 $832,758 $887,000 $174,000 $948,600 $112,400

80% $1,078,000 $245,000 $832,758 $891,000 $187,000 $957,200 $120,800

85% $1,100,000 $267,000 $832,758 $896,000 $204,000 $968,300 $131,700

90% $1,133,000 $300,000 $832,758 $904,000 $229,000 $985,100 $147,900

95% $1,204,000 $371,000 $832,758 $920,000 $284,000 $1,020,600 $183,400

Expected $1,034,000 $203,000 $832,758 $881,000 $153,000 $936,000 $98,000

Column (A):  Percentile estimates are based on a lognormal distribution. 

Column (B) = (C) - (A)

Column (C):  Exhibit XII, page 2

Column (D) = { (% of outstanding as of 12/31/17 expected to be paid during 1/1-6/30/18 from Exhibit XIII, page 1) * (B) } + (C)

Column (E) = (A) - (D)

Column (F) = { (% of outstanding as of 6/30/18 expected to be paid during 2018-19 from Exhibit XIII, page 1) * (E) } + (D)

Column (G) = (A) - (F)

Projected Payment Pattern
At Various Confidence Levels

for Accident Periods 94-95 through 18-19
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Roanoke County Exhibit XIV

Auto Liability

(A) (B) (C) (D) (E) (F) (G) (H)

Expected Actual Estimated Estimated

Reported Reported Reported Ultimate Ultimate

Accident Losses Losses Losses Percent Losses Losses Percent

Period 12/31/2015 12/31/2017 12/31/2017 Difference 12/31/2015 12/31/2017 Difference

7/1/94-95 $3,353 $3,353 $3,353 0% $3,353 $3,353 0%

7/1/95-96 $18,395 $18,395 $18,395 0% $18,395 $18,395 0%

7/1/96-97 $13,214 $13,214 $13,214 0% $13,214 $13,214 0%

7/1/97-98 $19,700 $19,700 $19,700 0% $19,700 $19,700 0%

7/1/98-99 $11,376 $11,376 $11,376 0% $11,376 $11,376 0%

7/1/99-00 $15,316 $15,316 $15,316 0% $15,316 $15,316 0%

7/1/00-01 $32,819 $32,819 $32,819 0% $32,819 $32,819 0%

7/1/01-02 $116,482 $116,482 $116,482 0% $116,482 $116,482 0%

7/1/02-03 $17,543 $17,543 $17,543 0% $17,543 $17,543 0%

7/1/03-04 $35,067 $35,067 $35,067 0% $35,067 $35,067 0%

7/1/04-05 $123,899 $123,899 $123,899 0% $123,899 $123,899 0%

7/1/05-06 $42,764 $42,764 $42,764 0% $42,764 $42,764 0%

7/1/06-07 $66,223 $66,223 $66,223 0% $66,223 $66,223 0%

7/1/07-08 $23,803 $23,803 $23,803 0% $23,803 $23,803 0%

7/1/08-09 $26,281 $26,281 $26,281 0% $26,281 $26,281 0%

7/1/09-10 $30,280 $30,280 $30,280 0% $30,280 $30,280 0%

7/1/10-11 $4,321 $4,321 $4,321 0% $4,321 $4,321 0%

7/1/11-12 $45,045 $45,045 $45,045 0% $45,045 $45,045 0%

7/1/12-13 $70,088 $73,274 $87,990 20% $74,000 $89,000 20%

7/1/13-14 $27,294 $41,156 $27,294 -34% $44,000 $27,294 -38%

7/1/14-15 $17,861 $53,186 $17,861 -66% $61,000 $17,861 -71%

7/1/15-16 $22,278 $53,426 $46,689 -13% $63,000 $58,000 -8%

7/1/16-17 $36,060 $25,478 -29% $65,000 $51,000 -22%

7/1/17-18 $11,496 $11,929 4% $73,000 $71,000 -3%

Total $783,403 $914,482 $863,124 -6% $1,026,000 $960,000 -6%

Variance from Expected ($51,358) Change in Ultimates ($66,000)

(A) (B) (C) (D) (E) (F) (G) (H)

Expected Actual Estimated Estimated

Paid Paid Paid Ultimate Ultimate

Accident Losses Losses Losses Percent Losses Losses Percent

Period 12/31/2015 12/31/2017 12/31/2017 Difference 12/31/2015 12/31/2017 Difference

7/1/94-95 $3,353 $3,353 $3,353 0% $3,353 $3,353 0%

7/1/95-96 $18,395 $18,395 $18,395 0% $18,395 $18,395 0%

7/1/96-97 $13,214 $13,214 $13,214 0% $13,214 $13,214 0%

7/1/97-98 $19,700 $19,700 $19,700 0% $19,700 $19,700 0%

7/1/98-99 $11,376 $11,376 $11,376 0% $11,376 $11,376 0%

7/1/99-00 $15,316 $15,316 $15,316 0% $15,316 $15,316 0%

7/1/00-01 $32,819 $32,819 $32,819 0% $32,819 $32,819 0%

7/1/01-02 $116,482 $116,482 $116,482 0% $116,482 $116,482 0%

7/1/02-03 $17,543 $17,543 $17,543 0% $17,543 $17,543 0%

7/1/03-04 $35,067 $35,067 $35,067 0% $35,067 $35,067 0%

7/1/04-05 $123,899 $123,899 $123,899 0% $123,899 $123,899 0%

7/1/05-06 $42,764 $42,764 $42,764 0% $42,764 $42,764 0%

7/1/06-07 $66,223 $66,223 $66,223 0% $66,223 $66,223 0%

7/1/07-08 $23,803 $23,803 $23,803 0% $23,803 $23,803 0%

7/1/08-09 $26,281 $26,281 $26,281 0% $26,281 $26,281 0%

7/1/09-10 $30,280 $30,280 $30,280 0% $30,280 $30,280 0%

7/1/10-11 $4,321 $4,321 $4,321 0% $4,321 $4,321 0%

7/1/11-12 $45,045 $45,045 $45,045 0% $45,045 $45,045 0%

7/1/12-13 $59,390 $70,298 $61,905 -12% $74,000 $89,000 20%

7/1/13-14 $27,294 $40,216 $27,294 -32% $44,000 $27,294 -38%

7/1/14-15 $17,861 $50,839 $17,861 -65% $61,000 $17,861 -71%

7/1/15-16 $22,278 $49,715 $46,689 -6% $63,000 $58,000 -8%

7/1/16-17 $26,791 $25,478 -5% $65,000 $51,000 -22%

7/1/17-18 $6,531 $7,647 17% $73,000 $71,000 -3%

Total $772,705 $890,273 $832,758 -6% $1,026,000 $960,000 -6%

Columns (B), (F):  From previous actuarial report Column (E) = [(D) / (C)] - 1

Column (C):  Derived using LDF's from previous actuarial report Column (G):  Exhibit V

Column (D):  Exhibit I, limited to retention Column (H) = [(G) / (F)] - 1

Comparison of Results with Report Valued as of December 31, 2015
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Roanoke County Exhibit XV

Auto Liability

(1) Estimated Outstanding Losses as of 12/31/17 $92,000
{ Exhibit XII-1 }

(2) Forecast Losses for 1/1-6/30/18 $35,000
{ Exhibit XII-1 }

(3) Required Funding as of 12/31/17 $127,000
{ (1) + (2) }

(4) Projected Payments during 1/1-6/30/18 $48,000
{ Exhibit XIII-1 }

(5) Estimated Outstanding Losses as of 6/30/18 $79,000
{ (3) – (4) }

(6) Forecast Losses for 7/1/18-19 $74,000
{ Exhibit VI }

(7) Required Funding as of 6/30/18 $153,000
{ (5) + (6) }

(8) Projected Payments during 7/1/18-19 $55,000
{ Exhibit XIII-1 }

(9) Estimated Outstanding Losses as of 6/30/19 $98,000
{ (7) – (8) }

(10) Forecast Losses for 7/1/19-20 $76,000
{ Exhibit VI }

(11) Required Funding as of 6/30/19 $174,000
{ (9) + (10) }

Funding at the Expected Level
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Exhibits: General Liability 

The “Analysis” section of this report presents a discussion of the following 
exhibits: 

Exhibit I Summary of Experience 

Exhibit II Summary of Claims Over $30,000 

Exhibit III Estimation of Ultimate Small Losses at 7/1/18­19 Cost Level 

Exhibit IV Calculation of Forecast Small Losses 

Exhibit V OMITTED 

Exhibit VI Calculation of Forecast Losses 

Exhibit VII Forecast Losses at Various Confidence Levels 

Exhibit VIII Estimation of Ultimate Losses: Loss Development Methods 

Exhibit IX Estimation of Ultimate Losses: Bornhuetter/Ferguson Methods 

Exhibit X Selection of Ultimate Limited Loss Estimates 

Exhibit XI 
Estimated Ultimate Claims 

Estimation of Claim Severities 

Exhibit XII 
Calculation of Required Reserves 

Estimated Outstanding Losses at Various Confidence Levels 

Exhibit XIII 
Projection of Loss Payments Over the Next Ten Years 

Projected Payment Pattern at Various Confidence Levels 

Exhibit XIV Comparison of Results: Current to Prior Estimates 

Exhibit XV Required Funding 

Page 70 of 110 



Roanoke County Exhibit I

General Liability

(B) (C) (D) (E) (F) (G)
Net

Operating
Evaluation Maturity Reported Paid Reported Expenditures

Begin End Date (months) Claims Losses Losses (thousands)+

7/1/1994 6/30/1995 12/31/2017 282 11 $1,216 $1,216 $22,956
7/1/1995 6/30/1996 12/31/2017 270 12 $70 $70 $23,160
7/1/1996 6/30/1997 12/31/2017 258 10 $1,745 $1,745 $23,718
7/1/1997 6/30/1998 12/31/2017 246 32 $5,850 $5,850 $25,535
7/1/1998 6/30/1999 12/31/2017 234 17 $36,007 $36,007 $25,360
7/1/1999 6/30/2000 12/31/2017 222 17 $28,350 $28,350 $30,033
7/1/2000 6/30/2001 12/31/2017 210 10 $3,429 $3,429 $31,910
7/1/2001 6/30/2002 12/31/2017 198 9 $3,276 $3,276 $33,165
7/1/2002 6/30/2003 12/31/2017 186 20 $23,269 $23,269 $33,608
7/1/2003 6/30/2004 12/31/2017 174 17 $9,501 $9,501 $34,610
7/1/2004 6/30/2005 12/31/2017 162 8 $298 $298 $30,210
7/1/2005 6/30/2006 12/31/2017 150 7 $0 $0 $31,399
7/1/2006 6/30/2007 12/31/2017 138 5 $1,417 $1,417 $31,742
7/1/2007 6/30/2008 12/31/2017 126 5 $15,813 $15,813 $32,862
7/1/2008 6/30/2009 12/31/2017 114 10 $17,156 $17,156 $33,188
7/1/2009 6/30/2010 12/31/2017 102 4 $544 $544 $34,685
7/1/2010 6/30/2011 12/31/2017 90 6 $1,380 $1,380 $36,492
7/1/2011 6/30/2012 12/31/2017 78 1 $103 $103 $36,858
7/1/2012 6/30/2013 12/31/2017 66 0 $0 $0 $35,117
7/1/2013 6/30/2014 12/31/2017 54 3 $5,858 $5,858 $39,599
7/1/2014 6/30/2015 12/31/2017 42 3 $50 $50 $41,462
7/1/2015 6/30/2016 12/31/2017 30 14 $7,129 $7,129 $42,695
7/1/2016 6/30/2017 12/31/2017 18 16 $28,813 $46,425 $43,983
7/1/2017 6/30/2018 12/31/2017 6 10 $1,109 $1,109 $43,983
7/1/2018 6/30/2019 $44,862
7/1/2019 6/30/2020 $45,760

Total 247 $192,382 $209,994 $888,951

*  Loss and exposure information supplied by VACO
+ Estimated for 2017-18 through 2019-20

Summary of Experience*

(A)

Period
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Roanoke County Exhibit II

General Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I)

Severity Trend Trended
Claim Accident Paid Reported Historical Development Developed Factor Developed

Number Date Losses Losses Retention Factor Losses to 7/1/18-19 Losses

771998000655 10/19/1998 $30,448 $30,448 $250,000 1.000 $30,448 1.947 $59,293

772017184570 1/24/2017 $25,544 $35,000 $250,000 2.062 $72,176 1.046 $75,523

Columns (A) through (E):  Provided by VACO
Column (F) = RLDF/CCDF
Column (G) = (D) * (F)
Column (H):  Appendix B
Column (I) = (G) * (H)

Summary of Claims over $30,000
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Roanoke County Exhibit III

General Liability

(A) (B) (C) (D) (E) (F) (G)

Reported Reported Trend Reported Ultimate

Accident Reported on Large on Small Factor Develop. on Small

Period Losses Claims Claims to 7/1/18-19 Factor Claims

7/1/94-95 $1,216 $0 $1,216 2.254 1.000 $2,700

7/1/95-96 $70 $0 $70 2.179 1.000 $200

7/1/96-97 $1,745 $0 $1,745 2.100 1.000 $3,700

7/1/97-98 $5,850 $0 $5,850 2.023 1.000 $11,800

7/1/98-99 $36,007 $30,448 $5,559 1.947 1.000 $10,800

7/1/99-00 $28,350 $0 $28,350 1.864 1.000 $52,800

7/1/00-01 $3,429 $0 $3,429 1.799 1.000 $6,200

7/1/01-02 $3,276 $0 $3,276 1.735 1.000 $5,700

7/1/02-03 $23,269 $0 $23,269 1.665 1.000 $38,700

7/1/03-04 $9,501 $0 $9,501 1.596 1.000 $15,200

7/1/04-05 $298 $0 $298 1.521 1.000 $500

7/1/05-06 $0 $0 $0 1.453 1.000 $0

7/1/06-07 $1,417 $0 $1,417 1.392 1.000 $2,000

7/1/07-08 $15,813 $0 $15,813 1.337 1.000 $21,100

7/1/08-09 $17,156 $0 $17,156 1.299 1.000 $22,300

7/1/09-10 $544 $0 $544 1.270 1.000 $700

7/1/10-11 $1,380 $0 $1,380 1.232 1.000 $1,700

7/1/11-12 $103 $0 $103 1.192 1.000 $100

7/1/12-13 $0 $0 $0 1.159 1.103 $0

7/1/13-14 $5,858 $0 $5,858 1.129 1.163 $7,700

7/1/14-15 $50 $0 $50 1.098 1.278 $100

7/1/15-16 $7,129 $0 $7,129 1.070 1.527 $11,600

7/1/16-17 $46,425 $35,000 $11,425 1.046 2.177 $26,000

Total $208,885 $65,448 $143,437 $241,600

(H) (I) (J) (K) (L) (M) (N)

Paid Paid Trend Paid Ultimate

Accident Paid on Large on Small Factor Develop. on Small

Period Losses Claims Claims to 7/1/18-19 Factor Claims

7/1/94-95 $1,216 $0 $1,216 2.254 1.000 $2,700

7/1/95-96 $70 $0 $70 2.179 1.000 $200

7/1/96-97 $1,745 $0 $1,745 2.100 1.000 $3,700

7/1/97-98 $5,850 $0 $5,850 2.023 1.000 $11,800

7/1/98-99 $36,007 $30,448 $5,559 1.947 1.000 $10,800

7/1/99-00 $28,350 $0 $28,350 1.864 1.000 $52,800

7/1/00-01 $3,429 $0 $3,429 1.799 1.000 $6,200

7/1/01-02 $3,276 $0 $3,276 1.735 1.000 $5,700

7/1/02-03 $23,269 $0 $23,269 1.665 1.000 $38,700

7/1/03-04 $9,501 $0 $9,501 1.596 1.000 $15,200

7/1/04-05 $298 $0 $298 1.521 1.000 $500

7/1/05-06 $0 $0 $0 1.453 1.000 $0

7/1/06-07 $1,417 $0 $1,417 1.392 1.000 $2,000

7/1/07-08 $15,813 $0 $15,813 1.337 1.000 $21,100

7/1/08-09 $17,156 $0 $17,156 1.299 1.000 $22,300

7/1/09-10 $544 $0 $544 1.270 1.000 $700

7/1/10-11 $1,380 $0 $1,380 1.232 1.000 $1,700

7/1/11-12 $103 $0 $103 1.192 1.000 $100

7/1/12-13 $0 $0 $0 1.159 1.129 $0

7/1/13-14 $5,858 $0 $5,858 1.129 1.209 $8,000

7/1/14-15 $50 $0 $50 1.098 1.375 $100

7/1/15-16 $7,129 $0 $7,129 1.070 1.787 $13,600

7/1/16-17 $28,813 $25,544 $3,269 1.046 3.180 $10,900

Total $191,273 $55,992 $135,282 $228,800

Columns (B), (I):  Exhibit I Column (G) = (D) * (E) * (F)

Columns (C), (J):  Exhibit II Column (K) = (I) - (J)

Column (D) = (B) - (C) Column (M):  Appendix A2

Columns (E), (L):  Appendix B Column (N) = (K) * (L) * (M)

Column (F):  Appendix A1

Estimation of Ultimate Limited Losses Less Than $50,000
At the 2018-19 Loss Level

Using Loss Development Method

Reported Method

Paid Method
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Roanoke County Exhibit IV

General Liability

(A) (B) (C) (D) (E) (F)
Trended Net
Ultimate Operating Trend

Accident Small Expenditures Factor Trended Loss
Period Losses (thousands) 7/1/18-19 Exposure Rate

7/1/94-95 $2,700 $22,956 1.680 $38,566 $0.07
7/1/95-96 $200 $23,160 1.633 $37,814 $0.01
7/1/96-97 $3,700 $23,718 1.591 $37,737 $0.10
7/1/97-98 $11,800 $25,535 1.561 $39,862 $0.30
7/1/98-99 $10,800 $25,360 1.532 $38,856 $0.28
7/1/99-00 $52,800 $30,033 1.491 $44,766 $1.18
7/1/00-01 $6,200 $31,910 1.446 $46,134 $0.13
7/1/01-02 $5,700 $33,165 1.415 $46,914 $0.12
7/1/02-03 $38,700 $33,608 1.388 $46,639 $0.83
7/1/03-04 $15,200 $34,610 1.354 $46,871 $0.32
7/1/04-05 $500 $30,210 1.314 $39,709 $0.01
7/1/05-06 $0 $31,399 1.272 $39,952 $0.00
7/1/06-07 $2,000 $31,742 1.235 $39,202 $0.05
7/1/07-08 $21,100 $32,862 1.195 $39,269 $0.54
7/1/08-09 $22,300 $33,188 1.175 $38,995 $0.57
7/1/09-10 $700 $34,685 1.167 $40,490 $0.02
7/1/10-11 $1,700 $36,492 1.140 $41,600 $0.04
7/1/11-12 $100 $36,858 1.111 $40,954 $0.00
7/1/12-13 $0 $35,117 1.092 $38,336 $0.00
7/1/13-14 $7,900 $39,599 1.075 $42,575 $0.19
7/1/14-15 $100 $41,462 1.066 $44,202 $0.00
7/1/15-16 $12,600 $42,695 1.059 $45,202 $0.28
7/1/16-17 $18,500 $43,983 1.041 $45,787 $0.40

Total $235,300 $754,346 $960,432 $0.24

7/1/18-19

Selected Loss Rate for 2011-12: $0.17
{ Wtd Avg of 08-09 through 16-17 } 

Forecast Exposure: $44,862
{ Exhibit I } 

Forecast Small Losses $7,600
{ Line (1) x Line (2) } 

Column (B):  Average of (G) and (N), Exhibit III
Column (C):  Exhibit I
Column (D):  Appendix C
Column (E) = (C) * (D)
Column (F) = (B) / (E)

Calculation of Forecast Losses Less Than $50,000
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Roanoke County Exhibit VI

General Liability

7/1/16-17 7/1/17-18 7/1/18-19 7/1/19-20

(1) Forecast Losses less than $50,000: $7,600
          { Exhibit IV }

(2) Expected Number of Losses over $50,000: 0.06
          { Derived from VA Association of Counties Large Loss Experience }

(3) Expected Severity of Losses over $50,000 Limited to $250,000: $125,000
          { Derived from VA Association of Counties Large Loss Experience }

(4) Forecast Losses Limited to $250,000: $14,600 $14,700 $15,000 $15,300
          { Line(1) + Line(2) * Line(3) for 7/1/18-19;
            Line(5) * Line(6) for other forecast periods }

(5) Forecast Exposure $43,983 $43,983 $44,862 $45,760
          { Exhibit I }

(6) Forecast Loss Rate (per $1,000 NOE) $0.33 $0.33 $0.33 $0.34
          { Line(4) / Line(5) for 7/1/18-19; 7/1/18-19 rate adjusted
            for trend for 7/1/16-17, 7/1/17-18 and 7/1/19-20 }

Calculation of Forecast Losses
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Roanoke County Exhibit VII

General Liability

(A) (B) (C) (D)
Probability Probability

That Losses Estimated Estimated That Losses
Will Be 7/1/18-19 7/1/19-20 Will Be

Less Than Ultimate Ultimate Greater
Or Equal to Limited Limited Than
Column (B) Losses Losses Column (B)

50% $2,000 $2,000 50%
55% $2,000 $2,000 45%

60% $3,000 $3,000 40%
65% $3,000 $3,000 35%
70% $5,000 $5,000 30%
75% $6,000 $6,000 25%
80% $9,000 $9,000 20%
85% $16,000 $16,000 15%
90% $33,000 $34,000 10%
95% $90,000 $92,000 5%

85% $15,000 $15,300 15%

$14,100 $14,300

- Based on Lognormal Distribution for Small Losses,

  Inverse Weibull Distribution for Large Loss Severity 

  and Poisson Distribution for Large Loss Frequency

Aggregate Loss Distribution
For Forecast Periods

Expected Losses

Discounted at 2.5%
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Roanoke County Exhibit VIII

General Liability

(A) (B) (C) (D) (E) (F) (G) (H)

Reported Reported Reported Ultimate Provision Estimated

Accident Reported on Large on Small Develop. on Small for Large Ultimate

Period Losses Claims Claims Factor Claims Claims Losses

7/1/94-95 $1,216 $0 $1,216 1.000 $1,200 $0 $1,200

7/1/95-96 $70 $0 $70 1.000 $100 $0 $100

7/1/96-97 $1,745 $0 $1,745 1.000 $1,700 $0 $1,700

7/1/97-98 $5,850 $0 $5,850 1.000 $5,900 $0 $5,900

7/1/98-99 $36,007 $0 $36,007 1.000 $36,000 $0 $36,000

7/1/99-00 $28,350 $0 $28,350 1.000 $28,300 $0 $28,300

7/1/00-01 $3,429 $0 $3,429 1.000 $3,400 $0 $3,400

7/1/01-02 $3,276 $0 $3,276 1.000 $3,300 $0 $3,300

7/1/02-03 $23,269 $0 $23,269 1.000 $23,300 $0 $23,300

7/1/03-04 $9,501 $0 $9,501 1.000 $9,500 $0 $9,500

7/1/04-05 $298 $0 $298 1.000 $300 $0 $300

7/1/05-06 $0 $0 $0 1.000 $0 $0 $0

7/1/06-07 $1,417 $0 $1,417 1.000 $1,400 $0 $1,400

7/1/07-08 $15,813 $0 $15,813 1.000 $15,800 $0 $15,800

7/1/08-09 $17,156 $0 $17,156 1.000 $17,200 $0 $17,200

7/1/09-10 $544 $0 $544 1.000 $500 $0 $500

7/1/10-11 $1,380 $0 $1,380 1.000 $1,400 $0 $1,400

7/1/11-12 $103 $0 $103 1.000 $100 $0 $100

7/1/12-13 $0 $0 $0 1.103 $0 $0 $0

7/1/13-14 $5,858 $0 $5,858 1.163 $6,800 $0 $6,800

7/1/14-15 $50 $0 $50 1.278 $100 $0 $100

7/1/15-16 $7,129 $0 $7,129 1.527 $10,900 $0 $10,900

7/1/16-17 $46,425 $0 $46,425 2.177 $101,100 $0 $101,100

Total $208,885 $0 $208,885 $268,300 $0 $268,300

(I) (J) (K) (L) (M) (N) (O) (P)

Paid Paid Paid Ultimate Provision Estimated

Accident Paid on Large on Small Develop. on Small for Large Ultimate

Period Losses Claims Claims Factor Claims Claims Losses

7/1/94-95 $1,216 $0 $1,216 1.000 $1,200 $0 $1,200

7/1/95-96 $70 $0 $70 1.000 $100 $0 $100

7/1/96-97 $1,745 $0 $1,745 1.000 $1,700 $0 $1,700

7/1/97-98 $5,850 $0 $5,850 1.000 $5,900 $0 $5,900

7/1/98-99 $36,007 $0 $36,007 1.000 $36,000 $0 $36,000

7/1/99-00 $28,350 $0 $28,350 1.000 $28,300 $0 $28,300

7/1/00-01 $3,429 $0 $3,429 1.000 $3,400 $0 $3,400

7/1/01-02 $3,276 $0 $3,276 1.000 $3,300 $0 $3,300

7/1/02-03 $23,269 $0 $23,269 1.000 $23,300 $0 $23,300

7/1/03-04 $9,501 $0 $9,501 1.000 $9,500 $0 $9,500

7/1/04-05 $298 $0 $298 1.000 $300 $0 $300

7/1/05-06 $0 $0 $0 1.000 $0 $0 $0

7/1/06-07 $1,417 $0 $1,417 1.000 $1,400 $0 $1,400

7/1/07-08 $15,813 $0 $15,813 1.000 $15,800 $0 $15,800

7/1/08-09 $17,156 $0 $17,156 1.000 $17,200 $0 $17,200

7/1/09-10 $544 $0 $544 1.000 $500 $0 $500

7/1/10-11 $1,380 $0 $1,380 1.000 $1,400 $0 $1,400

7/1/11-12 $103 $0 $103 1.000 $100 $0 $100

7/1/12-13 $0 $0 $0 1.129 $0 $0 $0

7/1/13-14 $5,858 $0 $5,858 1.209 $7,100 $0 $7,100

7/1/14-15 $50 $0 $50 1.375 $100 $0 $100

7/1/15-16 $7,129 $0 $7,129 1.787 $12,700 $0 $12,700

7/1/16-17 $28,813 $0 $28,813 3.180 $91,600 $0 $91,600

Total $191,273 $0 $191,273 $260,900 $0 $260,900

Columns (B), (J):  Exhibit I Columns (G), (O) = Claim count in (C) x CCDF x Specific Retention

Columns (C), (K):  Exhibit II Column (H) = (F) + (G)

Column (D) = (B) - (C) Column (L) = (J) - (K)

Columns (E), (M):  Appendix A Column (N) = (L) x (M)

Column (F) = (D) x (E) Column (P) = (N) + (O)

Estimation of Limited Ultimate Losses
Using Loss Development Method

Reported Method

Paid Method
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Roanoke County Exhibit IX

General Liability

(A) (B) (C) (D) (E) (F) (G)

Previous Reported

Estimate or Estimated Estimated Losses Estimated

Accident Forecast Reported Percent IBNR as of Ultimate

Period Losses LDF Unreported Losses 12/31/2017 Losses

7/1/94-95 $1,216 1.000 0% $0 $1,216 $1,200

7/1/95-96 $70 1.000 0% $0 $70 $100

7/1/96-97 $1,745 1.000 0% $0 $1,745 $1,700

7/1/97-98 $5,850 1.000 0% $0 $5,850 $5,900

7/1/98-99 $36,007 1.000 0% $0 $36,007 $36,000

7/1/99-00 $28,350 1.000 0% $0 $28,350 $28,300

7/1/00-01 $3,429 1.000 0% $0 $3,429 $3,400

7/1/01-02 $3,276 1.000 0% $0 $3,276 $3,300

7/1/02-03 $23,269 1.000 0% $0 $23,269 $23,300

7/1/03-04 $9,501 1.000 0% $0 $9,501 $9,500

7/1/04-05 $298 1.000 0% $0 $298 $300

7/1/05-06 $0 1.000 0% $0 $0 $0

7/1/06-07 $1,417 1.000 0% $0 $1,417 $1,400

7/1/07-08 $15,813 1.000 0% $0 $15,813 $15,800

7/1/08-09 $17,156 1.000 0% $0 $17,156 $17,200

7/1/09-10 $544 1.000 0% $0 $544 $500

7/1/10-11 $1,380 1.000 0% $0 $1,380 $1,400

7/1/11-12 $103 1.000 0% $0 $103 $100

7/1/12-13 $1,000 1.103 9% $100 $0 $100

7/1/13-14 $11,000 1.163 14% $1,500 $5,858 $7,400

7/1/14-15 $8,000 1.278 22% $1,700 $50 $1,800

7/1/15-16 $19,000 1.527 34% $6,600 $7,129 $13,700

7/1/16-17 $14,600 2.177 54% $7,900 $46,425 $54,300

7/1/17-18 $14,700 7.067 86% $12,600 $1,109 $13,700

Total $218,000 $30,000 $209,994 $240,400

(H) (I) (J) (K) (L) (M) (N)

Previous Paid

Estimate or Estimated Estimated Losses Estimated

Accident Forecast Paid Percent Unpaid as of Ultimate

Period Losses LDF Unpaid Losses 12/31/2017 Losses

7/1/94-95 $1,216 1.000 0% $0 $1,216 $1,200

7/1/95-96 $70 1.000 0% $0 $70 $100

7/1/96-97 $1,745 1.000 0% $0 $1,745 $1,700

7/1/97-98 $5,850 1.000 0% $0 $5,850 $5,900

7/1/98-99 $36,007 1.000 0% $0 $36,007 $36,000

7/1/99-00 $28,350 1.000 0% $0 $28,350 $28,300

7/1/00-01 $3,429 1.000 0% $0 $3,429 $3,400

7/1/01-02 $3,276 1.000 0% $0 $3,276 $3,300

7/1/02-03 $23,269 1.000 0% $0 $23,269 $23,300

7/1/03-04 $9,501 1.000 0% $0 $9,501 $9,500

7/1/04-05 $298 1.000 0% $0 $298 $300

7/1/05-06 $0 1.000 0% $0 $0 $0

7/1/06-07 $1,417 1.000 0% $0 $1,417 $1,400

7/1/07-08 $15,813 1.000 0% $0 $15,813 $15,800

7/1/08-09 $17,156 1.000 0% $0 $17,156 $17,200

7/1/09-10 $544 1.000 0% $0 $544 $500

7/1/10-11 $1,380 1.000 0% $0 $1,380 $1,400

7/1/11-12 $103 1.000 0% $0 $103 $100

7/1/12-13 $1,000 1.129 11% $100 $0 $100

7/1/13-14 $11,000 1.209 17% $1,900 $5,858 $7,800

7/1/14-15 $8,000 1.375 27% $2,200 $50 $2,300

7/1/15-16 $19,000 1.787 44% $8,400 $7,129 $15,500

7/1/16-17 $14,600 3.180 69% $10,000 $28,813 $38,800

7/1/17-18 $14,700 15.364 93% $13,700 $1,109 $14,800

Total $218,000 $36,000 $192,382 $228,700

Columns (B), (I):  Prior analysis; Exhibit VI for 2016-17 and 2017-18 Column (G) = (E) + (F)

Columns (C), (J):  Appendix A Column (K) = [ 1 - 1 / (J) ] 

Column (D) = [ 1 - 1 / (C) ] Column (L) = (I) x (K)

Columns (E) = (B) x (D) Column (N) = (L) + (M)

Column (F), (M):  Exhibit I

Estimation of Limited Ultimate Losses
Using the Bornhuetter-Ferguson Method

Reported Method

Paid Method
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Roanoke County Exhibit X

General Liability

(A) (B) (C) (D) (E) (F) (G)
Prior Reported Paid Reported Paid

Estimate Loss Loss Bornhuetter- Bornhuetter- Selected
Accident or Development Development Ferguson Ferguson Ultimate
Period Forecast Method Method Method Method Losses

7/1/94-95 $1,216 $1,200 $1,200 $1,200 $1,200 $1,216
7/1/95-96 $70 $100 $100 $100 $100 $70
7/1/96-97 $1,745 $1,700 $1,700 $1,700 $1,700 $1,745
7/1/97-98 $5,850 $5,900 $5,900 $5,900 $5,900 $5,850
7/1/98-99 $36,007 $36,000 $36,000 $36,000 $36,000 $36,007
7/1/99-00 $28,350 $28,300 $28,300 $28,300 $28,300 $28,350
7/1/00-01 $3,429 $3,400 $3,400 $3,400 $3,400 $3,429
7/1/01-02 $3,276 $3,300 $3,300 $3,300 $3,300 $3,276
7/1/02-03 $23,269 $23,300 $23,300 $23,300 $23,300 $23,269
7/1/03-04 $9,501 $9,500 $9,500 $9,500 $9,500 $9,501
7/1/04-05 $298 $300 $300 $300 $300 $298
7/1/05-06 $0 $0 $0 $0 $0 $0
7/1/06-07 $1,417 $1,400 $1,400 $1,400 $1,400 $1,417
7/1/07-08 $15,813 $15,800 $15,800 $15,800 $15,800 $15,813
7/1/08-09 $17,156 $17,200 $17,200 $17,200 $17,200 $17,156
7/1/09-10 $544 $500 $500 $500 $500 $544
7/1/10-11 $1,380 $1,400 $1,400 $1,400 $1,400 $1,380
7/1/11-12 $103 $100 $100 $100 $100 $103
7/1/12-13 $1,000 $0 $0 $100 $100 $0
7/1/13-14 $11,000 $6,800 $7,100 $7,400 $7,800 $5,858
7/1/14-15 $8,000 $100 $100 $1,800 $2,300 $50
7/1/15-16 $19,000 $10,900 $12,700 $13,700 $15,500 $13,700
7/1/16-17 $14,600 $101,100 $91,600 $54,300 $38,800 $54,300
7/1/17-18 $14,700 -- -- $13,700 $14,800 $13,700

Total $217,700 $268,300 $260,900 $240,400 $228,700 $237,000

Column (B):  Prior analysis as of 12/31/2015; Exhibit VI for 2016-17 and 2017-18
Columns (C), (D):  Exhibit VIII
Columns (E), (F):  Exhibit IX
Column (G):  Limited reported losses for 94-95 through 14-15
                      Column (E) for 15-16 and 16-17
                      Column (B) for 17-18

Summary and Selection of Limited Ultimate Losses
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Roanoke County Exhibit XI

General Liability Page 1

(A) (B) (C) (D) (E) (F)

Claim Estimated Trended
Accident Number Development Ultimate Exposure Claim

Period of Claims Factor Claims (thousands) Frequency*

7/1/94-95 11 1.000 11.0 $38,566 0.29
7/1/95-96 12 1.000 12.0 $37,814 0.32
7/1/96-97 10 1.000 10.0 $37,737 0.26

7/1/97-98 32 1.000 32.0 $39,862 0.80
7/1/98-99 17 1.000 17.0 $38,856 0.44

7/1/99-00 17 1.000 17.0 $44,766 0.38
7/1/00-01 10 1.000 10.0 $46,134 0.22
7/1/01-02 9 1.000 9.0 $46,914 0.19

7/1/02-03 20 1.000 20.0 $46,639 0.43
7/1/03-04 17 1.000 17.0 $46,871 0.36

7/1/04-05 8 1.000 8.0 $39,709 0.20

7/1/05-06 7 1.000 7.0 $39,952 0.18

7/1/06-07 5 1.000 5.0 $39,202 0.13

7/1/07-08 5 1.000 5.0 $39,269 0.13
7/1/08-09 10 1.000 10.0 $38,995 0.26

7/1/09-10 4 1.000 4.0 $40,490 0.10

7/1/10-11 6 1.000 6.0 $41,600 0.14

7/1/11-12 1 1.000 1.0 $40,954 0.02

7/1/12-13 0 1.000 0.0 $38,336 0.00
7/1/13-14 3 1.000 3.0 $42,575 0.07

7/1/14-15 3 1.006 3.0 $44,202 0.07

7/1/15-16 14 1.015 14.2 $45,202 0.31

7/1/16-17 16 1.056 16.9 $45,787 0.37

Total 237 238.1 $960,432 0.25

7/1/17-18 7/1/18-19

(1) Selected Frequency: 0.15 0.15

          { Wtd Avg of latest six periods }

(2) Exposure (thousands): $43,983 $44,862
          { Exhibit I }

(3) Forecast Ultimate Claims: 6.7 6.7
          { (Line (1) x Line (2)) / 1,000 }

(4) Estimated claims unreported 4.2
        { (1 - 1 / CCDF) x (3) }

(5) Reported claims 10
        { Exhibit I }

(6) Estimate of Ultimate Claims 14.2 6.7
        { (4) + (5) or (3) }

*Shown as claims per million of exposure

Column (B):  Exhibit I
Column (C):  Appendix A3

Column (D) = (B) * (C)

Column (E):  Exhibit IV
Column (F) = (D) / (E) * 1,000

Estimated Ultimate Reported Claims
and Claim Frequencies
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Roanoke County Exhibit XI

General Liability Page 2

(A) (B) (C) (D) (E) (F)
Selected

Estimated Estimated Estimated Estimated
Accident Ultimate Ultimate Ultimate Exposure Cost per
Period Claims Losses Severity (Ten Thousands) $10K NOE

7/1/94-95 11.0 $1,216 $100 $2,296 $0.53
7/1/95-96 12.0 $70 $0 $2,316 $0.03
7/1/96-97 10.0 $1,745 $200 $2,372 $0.74
7/1/97-98 32.0 $5,850 $200 $2,554 $2.29
7/1/98-99 17.0 $36,007 $2,100 $2,536 $14.20
7/1/99-00 17.0 $28,350 $1,700 $3,003 $9.44
7/1/00-01 10.0 $3,429 $300 $3,191 $1.07
7/1/01-02 9.0 $3,276 $400 $3,316 $0.99
7/1/02-03 20.0 $23,269 $1,200 $3,361 $6.92
7/1/03-04 17.0 $9,501 $600 $3,461 $2.75
7/1/04-05 8.0 $298 $0 $3,021 $0.10
7/1/05-06 7.0 $0 $0 $3,140 $0.00
7/1/06-07 5.0 $1,417 $300 $3,174 $0.45
7/1/07-08 5.0 $15,813 $3,200 $3,286 $4.81
7/1/08-09 10.0 $17,156 $1,700 $3,319 $5.17
7/1/09-10 4.0 $544 $100 $3,469 $0.16
7/1/10-11 6.0 $1,380 $200 $3,649 $0.38
7/1/11-12 1.0 $103 $100 $3,686 $0.03
7/1/12-13 0.0 $0 $0 $3,512 $0.00
7/1/13-14 3.0 $5,858 $2,000 $3,960 $1.48
7/1/14-15 3.0 $50 $0 $4,146 $0.01
7/1/15-16 14.2 $13,700 $1,000 $4,270 $3.21
7/1/16-17 16.9 $54,300 $3,200 $4,398 $12.35
7/1/17-18 14.2 $13,700 $1,000 $4,398 $3.11
7/1/18-19 6.7 $15,000 $2,300 $4,486 $3.34

Total 258.9 $252,000 $1,000 $84,319 $2.99

Column (B):  Exhibit XI, page 1
Column (C):  Exhibit X; Exhibit VI for the forecast period
Column (D) = (C) / (B)
Column (E):  Exhibit I
Column (F) = (C) / (E)

Estimation of Claim Severities
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Roanoke County Exhibit XII

General Liability Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I)
Total

Selected Limited Limited Total Discount Discounted
Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at
Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

7/1/94-95 $1,216 $1,216 $1,216 $0 $0 $0 1.000 $0
7/1/95-96 $70 $70 $70 $0 $0 $0 1.000 $0
7/1/96-97 $1,745 $1,745 $1,745 $0 $0 $0 1.000 $0
7/1/97-98 $5,850 $5,850 $5,850 $0 $0 $0 1.000 $0
7/1/98-99 $36,007 $36,007 $36,007 $0 $0 $0 1.000 $0
7/1/99-00 $28,350 $28,350 $28,350 $0 $0 $0 1.000 $0
7/1/00-01 $3,429 $3,429 $3,429 $0 $0 $0 1.000 $0
7/1/01-02 $3,276 $3,276 $3,276 $0 $0 $0 1.000 $0
7/1/02-03 $23,269 $23,269 $23,269 $0 $0 $0 1.000 $0
7/1/03-04 $9,501 $9,501 $9,501 $0 $0 $0 1.000 $0
7/1/04-05 $298 $298 $298 $0 $0 $0 1.000 $0
7/1/05-06 $0 $0 $0 $0 $0 $0 1.000 $0
7/1/06-07 $1,417 $1,417 $1,417 $0 $0 $0 1.000 $0
7/1/07-08 $15,813 $15,813 $15,813 $0 $0 $0 1.000 $0
7/1/08-09 $17,156 $17,156 $17,156 $0 $0 $0 1.000 $0
7/1/09-10 $544 $544 $544 $0 $0 $0 1.000 $0
7/1/10-11 $1,380 $1,380 $1,380 $0 $0 $0 1.000 $0
7/1/11-12 $103 $103 $103 $0 $0 $0 1.000 $0
7/1/12-13 $0 $0 $0 $0 $0 $0 0.988 $0
7/1/13-14 $5,858 $5,858 $5,858 $0 $0 $0 0.972 $0
7/1/14-15 $50 $50 $50 $0 $0 $0 0.963 $0
7/1/15-16 $13,700 $7,129 $7,129 $0 $6,600 $6,600 0.958 $6,300
7/1/16-17 $54,300 $28,813 $46,425 $17,612 $7,900 $25,500 0.953 $24,300

7/1-12/31/17 $6,900 $1,109 $1,109 $0 $5,800 $5,800 0.945 $5,500

Total $230,200 $192,382 $209,994 $17,612 $20,300 $37,900 $36,100

1/1-6/30/18 $6,800

Column (B):  Exhibit X; prorated for 7/1/17-18
Columns (C), (D):  Exhibit IX
Column (E) = (D) - (C)
Column (F) = (B) - (D)
Column (G) = (E) + (F)
Column (H):  Appendix D
Column (I) = (G) * (H)

Calculation of Required Reserves
As of December 31, 2017
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Roanoke County Exhibit XII

General Liability Page 2

(A) (B) (C) (D) (E) (F) (G) (H)
Estimated Limited Limited Estimated Estimated Discount Discounted

Confidence Ultimate Paid Reported Case Unreported Outstanding Factor Outstanding
Level Losses Losses Losses Reserves Losses Losses at 2.5% Losses

50% $225,000 $192,382 $209,994 $17,612 $15,000 $32,600 0.953 $31,100
55% $228,000 $192,382 $209,994 $17,612 $18,000 $35,600 0.953 $33,900
60% $231,000 $192,382 $209,994 $17,612 $21,000 $38,600 0.953 $36,800
65% $235,000 $192,382 $209,994 $17,612 $25,000 $42,600 0.953 $40,600
70% $239,000 $192,382 $209,994 $17,612 $29,000 $46,600 0.953 $44,400
75% $244,000 $192,382 $209,994 $17,612 $34,000 $51,600 0.953 $49,100
80% $250,000 $192,382 $209,994 $17,612 $40,000 $57,600 0.953 $54,900
85% $258,000 $192,382 $209,994 $17,612 $48,000 $65,600 0.953 $62,500
90% $268,000 $192,382 $209,994 $17,612 $58,000 $75,600 0.953 $72,000
95% $286,000 $192,382 $209,994 $17,612 $76,000 $93,600 0.953 $89,200

Column (A):  Based on Lognormal Fit to Historical Development Experience of Virginia Association of Counties, Appendix E-2
Columns (B), (C):  Exhibit XII, page 1
Column (D) = (C) - (B)
Column (E) = (A) - (C)
Column (F) = (A) - (B) = (D) + (E)
Column (G):  Average Discount from Exhibit XII, page 1
Column (H) = (F) * (G)

As of December 31, 2017

Estimated Outstanding Losses
At Various Confidence Levels
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Roanoke County Exhibit XIII

General Liability Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 1/1-6/30/18 2018-19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28

7/1/94-95 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/95-96 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/00-01 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/01-02 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/02-03 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/03-04 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/04-05 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/05-06 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/06-07 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/07-08 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/08-09 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/09-10 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/10-11 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/11-12 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/12-13 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/13-14 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/14-15 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
7/1/15-16 $6,600 $1,400 $2,000 $1,100 $2,100 $0 $0 $0 $0 $0 $0 $0
7/1/16-17 $25,500 $4,800 $7,800 $4,900 $2,800 $5,200 $0 $0 $0 $0 $0 $0

7/1-12/31/17 $5,800 $700 $1,600 $1,300 $800 $500 $900 $0 $0 $0 $0 $0

Subtotal $37,900 $6,900 $11,400 $7,300 $5,700 $5,700 $900 $0 $0 $0 $0 $0

1/1-6/30/18 $6,800 $900 $1,900 $1,500 $900 $600 $1,000 $0 $0 $0 $0 $0
7/1/18-19 $15,300 -- $2,800 $4,000 $3,200 $2,000 $1,200 $2,100 $0 $0 $0 $0

Total $60,000 $7,800 $16,100 $12,800 $9,800 $8,300 $3,100 $2,100 $0 $0 $0 $0

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A2 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 12/31/17)]}.

Projection of Loss Payout
For the Next Ten Fiscal Years
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Roanoke County Exhibit XIII

General Liability Page 2

(A) (B) (C) (D) (E) (F) (G)

Projected

Limited

Limited Limited Projected Outstanding Projected Projected

Limited Outstanding Paid Paid & Forecast Paid Outstanding

Aggregate Ultimate & Forecast Losses as of Losses as of Losses as of Losses as of Losses as of

Percentile Losses Losses 12/31/2017 6/30/2018 6/30/2018 6/30/2019 6/30/2019

50% $240,000 $48,000 $192,382 $199,000 $41,000 $211,600 $28,400

55% $245,000 $53,000 $192,382 $199,000 $46,000 $213,200 $31,800

60% $249,000 $57,000 $192,382 $200,000 $49,000 $215,100 $33,900

65% $255,000 $63,000 $192,382 $201,000 $54,000 $217,700 $37,300

70% $260,000 $68,000 $192,382 $201,000 $59,000 $219,200 $40,800

75% $267,000 $75,000 $192,382 $202,000 $65,000 $222,000 $45,000

80% $274,000 $82,000 $192,382 $203,000 $71,000 $224,900 $49,100

85% $285,000 $93,000 $192,382 $204,000 $81,000 $229,000 $56,000

90% $302,000 $110,000 $192,382 $207,000 $95,000 $236,300 $65,700

95% $332,000 $140,000 $192,382 $211,000 $121,000 $248,300 $83,700

Expected $252,000 $60,000 $192,382 $200,000 $52,000 $216,000 $36,000

Column (A):  Percentile estimates are based on a lognormal distribution. 

Column (B) = (C) - (A)

Column (C):  Exhibit XII, page 2

Column (D) = { (% of outstanding as of 12/31/17 expected to be paid during 1/1-6/30/18 from Exhibit XIII, page 1) * (B) } + (C)

Column (E) = (A) - (D)

Column (F) = { (% of outstanding as of 6/30/18 expected to be paid during 2018-19 from Exhibit XIII, page 1) * (E) } + (D)

Column (G) = (A) - (F)

Projected Payment Pattern
At Various Confidence Levels

for Accident Periods 94-95 through 18-19
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Roanoke County Exhibit XIV

General Liability

(A) (B) (C) (D) (E) (F) (G) (H)

Expected Actual Estimated Estimated

Reported Reported Reported Ultimate Ultimate

Accident Losses Losses Losses Percent Losses Losses Percent

Period 12/31/2015 12/31/2017 12/31/2017 Difference 12/31/2015 12/31/2017 Difference

7/1/94-95 $1,216 $1,216 $1,216 0% $1,216 $1,216 0%

7/1/95-96 $70 $70 $70 0% $70 $70 0%

7/1/96-97 $1,745 $1,745 $1,745 0% $1,745 $1,745 0%

7/1/97-98 $5,850 $5,850 $5,850 0% $5,850 $5,850 0%

7/1/98-99 $36,007 $36,007 $36,007 0% $36,007 $36,007 0%

7/1/99-00 $28,350 $28,350 $28,350 0% $28,350 $28,350 0%

7/1/00-01 $3,429 $3,429 $3,429 0% $3,429 $3,429 0%

7/1/01-02 $3,276 $3,276 $3,276 0% $3,276 $3,276 0%

7/1/02-03 $23,269 $23,269 $23,269 0% $23,269 $23,269 0%

7/1/03-04 $9,501 $9,501 $9,501 0% $9,501 $9,501 0%

7/1/04-05 $298 $298 $298 0% $298 $298 0%

7/1/05-06 $0 $0 $0 0% $0 $0 0%

7/1/06-07 $1,417 $1,417 $1,417 0% $1,417 $1,417 0%

7/1/07-08 $15,813 $15,813 $15,813 0% $15,813 $15,813 0%

7/1/08-09 $17,156 $17,156 $17,156 0% $17,156 $17,156 0%

7/1/09-10 $544 $544 $544 0% $544 $544 0%

7/1/10-11 $1,380 $1,380 $1,380 0% $1,380 $1,380 0%

7/1/11-12 $103 $103 $103 0% $103 $103 0%

7/1/12-13 $0 $596 $0 -100% $1,000 $0 -100%

7/1/13-14 $5,858 $9,122 $5,858 -36% $11,000 $5,858 -47%

7/1/14-15 $50 $5,271 $50 -99% $8,000 $50 -99%

7/1/15-16 $9,079 $15,632 $7,129 -54% $19,000 $13,700 -28%

7/1/16-17 $6,465 $46,425 618% $12,900 $54,300 321%

7/1/17-18 $1,839 $1,109 -40% $12,700 $13,700 8%

Total $164,410 $188,349 $209,994 11% $214,000 $237,000 11%

Variance from Expected $21,645 Change in Ultimates $23,000

(A) (B) (C) (D) (E) (F) (G) (H)

Expected Actual Estimated Estimated

Paid Paid Paid Ultimate Ultimate

Accident Losses Losses Losses Percent Losses Losses Percent

Period 12/31/2015 12/31/2017 12/31/2017 Difference 12/31/2015 12/31/2017 Difference

7/1/94-95 $1,216 $1,216 $1,216 0% $1,216 $1,216 0%

7/1/95-96 $70 $70 $70 0% $70 $70 0%

7/1/96-97 $1,745 $1,745 $1,745 0% $1,745 $1,745 0%

7/1/97-98 $5,850 $5,850 $5,850 0% $5,850 $5,850 0%

7/1/98-99 $36,007 $36,007 $36,007 0% $36,007 $36,007 0%

7/1/99-00 $28,350 $28,350 $28,350 0% $28,350 $28,350 0%

7/1/00-01 $3,429 $3,429 $3,429 0% $3,429 $3,429 0%

7/1/01-02 $3,276 $3,276 $3,276 0% $3,276 $3,276 0%

7/1/02-03 $23,269 $23,269 $23,269 0% $23,269 $23,269 0%

7/1/03-04 $9,501 $9,501 $9,501 0% $9,501 $9,501 0%

7/1/04-05 $298 $298 $298 0% $298 $298 0%

7/1/05-06 $0 $0 $0 0% $0 $0 0%

7/1/06-07 $1,417 $1,417 $1,417 0% $1,417 $1,417 0%

7/1/07-08 $15,813 $15,813 $15,813 0% $15,813 $15,813 0%

7/1/08-09 $17,156 $17,156 $17,156 0% $17,156 $17,156 0%

7/1/09-10 $544 $544 $544 0% $544 $544 0%

7/1/10-11 $1,380 $1,380 $1,380 0% $1,380 $1,380 0%

7/1/11-12 $103 $103 $103 0% $103 $103 0%

7/1/12-13 $0 $641 $0 -100% $1,000 $0 -100%

7/1/13-14 $5,858 $9,243 $5,858 -37% $11,000 $5,858 -47%

7/1/14-15 $50 $5,109 $50 -99% $8,000 $50 -99%

7/1/15-16 $6,579 $13,312 $7,129 -46% $19,000 $13,700 -28%

7/1/16-17 $4,095 $28,813 604% $12,900 $54,300 321%

7/1/17-18 $866 $1,109 28% $12,700 $13,700 8%

Total $161,910 $182,691 $192,382 5% $214,000 $237,000 11%

Columns (B), (F):  From previous actuarial report Column (E) = [(D) / (C)] - 1

Column (C):  Derived using LDF's from previous actuarial report Column (G):  Exhibit V

Column (D):  Exhibit I, limited to retention Column (H) = [(G) / (F)] - 1

Comparison of Results with Report Valued as of December 31, 2015
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Roanoke County Exhibit XV

General Liability

(1) Estimated Outstanding Losses as of 12/31/17 $37,900
{ Exhibit XII-1 }

(2) Forecast Losses for 1/1-6/30/18 $6,800
{ Exhibit XII-1 }

(3) Required Funding as of 12/31/17 $44,700
{ (1) + (2) }

(4) Projected Payments during 1/1-6/30/18 $7,800
{ Exhibit XIII-1 }

(5) Estimated Outstanding Losses as of 6/30/18 $36,900
{ (3) – (4) }

(6) Forecast Losses for 7/1/18-19 $15,000
{ Exhibit VI }

(7) Required Funding as of 6/30/18 $51,900
{ (5) + (6) }

(8) Projected Payments during 7/1/18-19 $16,100
{ Exhibit XIII-1 }

(9) Estimated Outstanding Losses as of 6/30/19 $35,800
{ (7) – (8) }

(10) Forecast Losses for 7/1/19-20 $15,300
{ Exhibit VI }

(11) Required Funding as of 6/30/19 $51,100
{ (9) + (10) }

Funding at the Expected Level

RoCo GL 17     JAP 2/19/2018 Select Actuarial Services

Page 87 of 110 



 

Section 

8 
 

 

 

Appendices 

 

Appendix A Loss Development Factors 

Appendix B Claims Cost Trend Factors 

Appendix C Exposure Trend Factors 

Appendix D Calculation of Discount Factors 

 

Page 88 of 110 



Roanoke County Appendix A1

Workers Compensation
Combined Experience for County and School Board*

Accident

Period 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

7/1/96-97 $391,619 $479,281 $537,354 $891,594 $984,421 $937,377 $937,377 $987,377 $995,610 $995,276 $995,276 $995,276 $992,791 $1,014,504

7/1/97-98 $178,355 $369,414 $361,358 $366,052 $376,196 $384,177 $385,718 $423,499 $431,707 $421,053 $373,354 $373,354 $367,535 $361,716 $361,716

7/1/98-99 $251,274 $293,511 $322,136 $381,950 $386,474 $332,336 $339,838 $439,796 $423,663 $472,490 $472,490 $491,285 $560,647 $535,716 $510,784

7/1/99-00 $456,512 $472,597 $645,257 $579,065 $595,694 $648,217 $654,537 $654,749 $683,192 $693,126 $705,129 $759,241 $741,899 $724,556 $745,770

7/1/00-01 $562,554 $596,006 $639,157 $381,479 $401,133 $363,871 $363,781 $367,001 $367,001 $367,001 $406,638 $386,819 $367,001 $367,001 $367,001

7/1/01-02 $821,345 $770,966 $878,953 $863,677 $851,895 $862,878 $898,139 $961,748 $967,083 $948,009 $980,115 $1,012,221 $1,013,569 $1,015,072 $988,840

7/1/02-03 $385,934 $462,770 $456,767 $506,971 $539,944 $543,920 $533,249 $532,801 $533,477 $535,250 $537,022 $540,425 $545,529 $614,436 $614,436

7/1/03-04 $336,277 $498,535 $574,468 $559,821 $597,779 $588,154 $636,900 $637,701 $666,162 $694,622 $808,347 $818,840 $858,918 $858,918

7/1/04-05 $305,338 $457,455 $529,557 $546,401 $514,586 $471,847 $475,615 $507,449 $539,284 $545,097 $550,491 $530,235 $575,235

7/1/05-06 $471,382 $692,734 $801,879 $801,370 $791,870 $763,614 $763,815 $753,292 $753,538 $757,809 $803,477 $803,892

7/1/06-07 $465,228 $672,559 $636,436 $719,044 $695,799 $697,188 $709,934 $791,296 $893,409 $933,951 $989,384

7/1/07-08 $793,678 $813,941 $1,020,141 $1,105,670 $1,049,629 $1,010,938 $1,001,820 $1,005,949 $1,068,398 $1,066,549

7/1/08-09 $309,982 $804,301 $870,982 $823,819 $832,494 $868,082 $998,647 $947,745 $975,850

7/1/09-10 $441,280 $596,072 $875,536 $870,279 $881,845 $895,337 $1,268,822 $1,268,822

7/1/10-11 $660,825 $900,594 $1,526,519 $1,889,607 $1,957,049 $2,208,710 $2,254,412

7/1/11-12 $240,987 $530,151 $569,171 $606,015 $615,112 $672,877

7/1/12-13 $415,587 $523,968 $677,852 $780,191 $860,055

7/1/13-14 $537,650 $906,246 $1,101,686 $1,134,454

7/1/14-15 $484,074 $951,574 $1,013,337

7/1/15-16 $523,561 $542,777

7/1/16-17 $713,411

Accident

Period 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:156 156:168 168:180 180:Ult

7/1/96-97 1.224 1.121 1.659 1.104 0.952 1.000 1.053 1.008 1.000 1.000 1.000 0.998 1.022
7/1/97-98 2.071 0.978 1.013 1.028 1.021 1.004 1.098 1.019 0.975 0.887 1.000 0.984 0.984 1.000
7/1/98-99 1.168 1.098 1.186 1.012 0.860 1.023 1.294 0.963 1.115 1.000 1.040 1.141 0.956 0.953
7/1/99-00 1.035 1.365 0.897 1.029 1.088 1.010 1.000 1.043 1.015 1.017 1.077 0.977 0.977 1.029
7/1/00-01 1.059 1.072 0.597 1.052 0.907 1.000 1.009 1.000 1.000 1.108 0.951 0.949 1.000 1.000
7/1/01-02 0.939 1.140 0.983 0.986 1.013 1.041 1.071 1.006 0.980 1.034 1.033 1.001 1.001 0.974
7/1/02-03 1.199 0.987 1.110 1.065 1.007 0.980 0.999 1.001 1.003 1.003 1.006 1.009 1.126 1.000
7/1/03-04 1.483 1.152 0.975 1.068 0.984 1.083 1.001 1.045 1.043 1.164 1.013 1.049 1.000
7/1/04-05 1.498 1.158 1.032 0.942 0.917 1.008 1.067 1.063 1.011 1.010 0.963 1.085
7/1/05-06 1.470 1.158 0.999 0.988 0.964 1.000 0.986 1.000 1.006 1.060 1.001
7/1/06-07 1.446 0.946 1.130 0.968 1.002 1.018 1.115 1.129 1.045 1.059
7/1/07-08 1.026 1.253 1.084 0.949 0.963 0.991 1.004 1.062 0.998
7/1/08-09 2.595 1.083 0.946 1.011 1.043 1.150 0.949 1.030
7/1/09-10 1.351 1.469 0.994 1.013 1.015 1.417 1.000
7/1/10-11 1.363 1.695 1.238 1.036 1.129 1.021
7/1/11-12 2.200 1.074 1.065 1.015 1.094
7/1/12-13 1.261 1.294 1.151 1.102
7/1/13-14 1.686 1.216 1.030
7/1/14-15 1.966 1.065
7/1/15-16 1.037

Average 1.466 1.180 1.031 1.054 1.007 1.047 1.042 1.032 1.017 1.031 1.008 1.022 1.005 0.997
Wtd. Avg. 1.372 1.194 1.037 1.042 1.027 1.052 1.026 1.037 1.014 1.035 1.012 1.020 1.004 0.998

Avg. Latest 5 1.630 1.269 1.095 1.035 1.049 1.120 1.011 1.057 1.021 1.059 1.003 1.019 1.021 0.991
Wtd. Avg. Latest 5 1.569 1.282 1.112 1.036 1.060 1.097 1.005 1.056 1.020 1.064 1.007 1.022 1.015 0.991

VACO 1.531 1.170 1.079 1.044 1.027 1.018 1.025 1.013 1.009 1.007 1.005 1.003 1.002 1.002 1.004
Prior 1.512 1.206 1.058 1.030 1.023 1.020 1.014 1.011 1.008 1.007 1.007 1.005 1.002 1.002 1.003

Selected 1.512 1.206 1.058 1.030 1.025 1.020 1.014 1.011 1.008 1.007 1.007 1.005 1.002 1.002 1.003

Cumulative 12:ult 24:ult 36:ult 48:ult 60:ult 72:ult 84:ult 96:ult 108:ult 120:ult 132:ult 144:ult 156:ult 168:ult 180:Ult

Factor 2.201 1.456 1.207 1.141 1.108 1.081 1.060 1.045 1.034 1.026 1.018 1.012 1.007 1.005 1.003

* School Board losses were as of 5/31/05 in the 2005 analysis

Reported Loss Development

Age-to-Age Factors

Gross Reported Losses as of (months)
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Roanoke County Appendix A2

Workers Compensation
Combined Experience for County and School Board

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 2.201 -2.9437 0.1833 8.665 0.0336 -0.5395 354 1.004
24 1.456 -3.4335 -0.7852 11.789 0.6165 2.6960 342 1.004
36 1.207 -3.7609 -1.5728 14.144 2.4737 5.9151 330 1.004
48 1.141 -4.0071 -1.9605 16.057 3.8434 7.8557 318 1.005
60 1.108 -4.2045 -2.2265 17.678 4.9575 9.3615 306 1.005
72 1.081 -4.3693 -2.5106 19.091 6.3032 10.9695 294 1.005
84 1.060 -4.5107 -2.8136 20.346 7.9161 12.6912 282 1.006
96 1.045 -4.6346 -3.0967 21.479 9.5894 14.3519 270 1.006
108 1.034 -4.7448 -3.3884 22.513 11.4813 16.0773 258 1.007
120 1.026 -4.8441 -3.6668 23.465 13.4454 17.7623 246 1.008

234 1.008
222 1.009
210 1.010
198 1.011
186 1.013
174 1.014
162 1.017
150 1.019
138 1.022
126 1.026
114 1.032
102 1.039
90 1.049
78 1.063
66 1.085
54 1.120
42 1.185
30 1.320
18 1.687
6 5.284

-41.4531 -21.8378 175.2278 60.6601 97.1408
-4.1453 -2.1838 17.5 6.0660 9.7141

N  = 10
A  = 3.661E+02
B  = 1.951 R^2 = 0.99509
C  = 7

* Appendix A1

Estimation of Cumulative Reported Loss Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum

Workers Compensation
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Roanoke County Appendix A3
Workers Compensation
Combined Experience for County and School Board*

Accident
Period 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

7/1/96-97 $301,493 $401,657 $458,782 $616,631 $686,635 $772,779 $797,776 $824,695 $846,088 $871,085 $917,232 $971,077 $980,691 $990,305
7/1/97-98 $80,084 $215,592 $317,065 $328,379 $332,568 $345,369 $350,868 $363,112 $371,053 $372,910 $373,354 $373,354 $367,535 $361,716 $361,716
7/1/98-99 $114,134 $210,693 $257,038 $277,403 $299,572 $319,178 $329,461 $433,040 $396,366 $408,694 $421,923 $433,319 $444,715 $453,818 $462,920
7/1/99-00 $151,117 $299,234 $323,588 $459,479 $494,100 $525,881 $532,954 $565,068 $575,672 $651,017 $666,314 $681,611 $702,875 $724,139 $745,631
7/1/00-01 $126,266 $167,694 $252,401 $283,113 $313,127 $313,698 $317,365 $323,251 $327,364 $332,422 $337,480 $343,283 $349,086 $352,871 $356,056
7/1/01-02 $197,503 $639,170 $724,256 $742,498 $746,596 $763,886 $793,389 $860,360 $878,364 $898,927 $909,566 $920,206 $924,183 $927,447 $933,275
7/1/02-03 $161,268 $321,666 $395,462 $491,459 $507,841 $517,986 $523,379 $526,694 $530,029 $533,526 $537,022 $540,425 $545,515 $567,835 $576,215
7/1/03-04 $185,211 $410,637 $478,986 $511,613 $529,197 $537,615 $548,283 $567,319 $596,521 $625,722 $651,354 $784,165 $811,743 $814,970
7/1/04-05 $222,501 $380,203 $417,035 $434,221 $446,417 $459,273 $469,296 $480,195 $491,093 $505,990 $511,764 $524,243 $529,325
7/1/05-06 $278,823 $543,464 $606,056 $618,708 $646,943 $667,044 $685,059 $699,186 $712,742 $731,913 $765,383 $771,403
7/1/06-07 $168,902 $287,571 $330,500 $409,330 $427,981 $469,403 $524,061 $597,589 $724,740 $792,609 $820,107
7/1/07-08 $360,909 $698,063 $764,823 $860,320 $876,657 $897,844 $912,375 $918,106 $934,569 $928,201
7/1/08-09 $219,242 $498,944 $570,611 $606,511 $613,428 $637,490 $698,276 $776,157 $794,830
7/1/09-10 $315,096 $557,148 $699,820 $770,577 $829,431 $876,579 $996,073 $1,250,646
7/1/10-11 $382,581 $742,117 $1,355,826 $1,672,469 $1,824,614 $2,106,606 $2,144,885
7/1/11-12 $161,217 $325,779 $442,039 $500,632 $587,090 $605,268
7/1/12-13 $222,231 $502,772 $628,810 $749,561 $767,988
7/1/13-14 $368,648 $763,504 $995,143 $1,056,329
7/1/14-15 $305,085 $887,204 $946,564
7/1/15-16 $471,117 $512,546
7/1/16-17 $517,973

Accident
Period 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:156 156:168 168:180 180:Ult

7/1/96-97 1.332 1.142 1.344 1.114 1.125 1.032 1.034 1.026 1.030 1.053 1.059 1.010 1.010
7/1/97-98 2.692 1.471 1.036 1.013 1.038 1.016 1.035 1.022 1.005 1.001 1.000 0.984 0.984 1.000
7/1/98-99 1.846 1.220 1.079 1.080 1.065 1.032 1.314 0.915 1.031 1.032 1.027 1.026 1.020 1.020
7/1/99-00 1.980 1.081 1.420 1.075 1.064 1.013 1.060 1.019 1.131 1.023 1.023 1.031 1.030 1.030
7/1/00-01 1.328 1.505 1.122 1.106 1.002 1.012 1.019 1.013 1.015 1.015 1.017 1.017 1.011 1.009
7/1/01-02 3.236 1.133 1.025 1.006 1.023 1.039 1.084 1.021 1.023 1.012 1.012 1.004 1.004 1.006
7/1/02-03 1.995 1.229 1.243 1.033 1.020 1.010 1.006 1.006 1.007 1.007 1.006 1.009 1.041 1.015
7/1/03-04 2.217 1.166 1.068 1.034 1.016 1.020 1.035 1.051 1.049 1.041 1.204 1.035 1.004
7/1/04-05 1.709 1.097 1.041 1.028 1.029 1.022 1.023 1.023 1.030 1.011 1.024 1.010
7/1/05-06 1.949 1.115 1.021 1.046 1.031 1.027 1.021 1.019 1.027 1.046 1.008
7/1/06-07 1.703 1.149 1.239 1.046 1.097 1.116 1.140 1.213 1.094 1.035
7/1/07-08 1.934 1.096 1.125 1.019 1.024 1.016 1.006 1.018 0.993
7/1/08-09 2.276 1.144 1.063 1.011 1.039 1.095 1.112 1.024
7/1/09-10 1.768 1.256 1.101 1.076 1.057 1.136 1.256
7/1/10-11 1.940 1.827 1.234 1.091 1.155 1.018
7/1/11-12 2.021 1.357 1.133 1.173 1.031
7/1/12-13 2.262 1.251 1.192 1.025
7/1/13-14 2.071 1.303 1.061
7/1/14-15 2.908 1.067
7/1/15-16 1.088

Average 2.049 1.253 1.130 1.071 1.050 1.047 1.082 1.029 1.036 1.023 1.037 1.020 1.013 1.013
Wtd. Avg. 1.996 1.246 1.128 1.067 1.063 1.047 1.083 1.032 1.036 1.025 1.040 1.023 1.013 1.013

Avg. Latest 5 2.070 1.361 1.144 1.075 1.061 1.076 1.107 1.059 1.039 1.028 1.051 1.015 1.018 1.016
Wtd. Avg. Latest 5 1.958 1.356 1.152 1.075 1.083 1.058 1.112 1.054 1.036 1.030 1.049 1.015 1.016 1.016

VACO 2.229 1.237 1.103 1.057 1.036 1.025 1.040 1.022 1.017 1.012 1.009 1.007 1.005 1.004 1.012
Prior 2.065 1.266 1.129 1.056 1.045 1.036 1.031 1.024 1.025 1.019 1.015 1.013 1.008 1.005 1.006

Selected 2.065 1.260 1.129 1.062 1.045 1.036 1.031 1.025 1.024 1.021 1.015 1.013 1.008 1.005 1.006

Cumulative 12:ult 24:ult 36:ult 48:ult 60:ult 72:ult 84:ult 96:ult 108:ult 120:ult 132:ult 144:ult 156:ult 168:ult 180:Ult
Factor 3.909 1.893 1.503 1.332 1.254 1.200 1.158 1.123 1.096 1.070 1.049 1.033 1.019 1.011 1.006

* School Board losses were as of 5/31/05 in the 2005 analysis

Paid Loss Development

Gross Paid Losses as of (months)

Age-to-Age Factors
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Roanoke County Appendix A4

Workers Compensation
Combined Experience for County and School Board

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 3.909 -2.4886 1.0678 6.193 1.1402 -2.6573 354 1.016
24 1.893 -3.1799 -0.1131 10.112 0.0128 0.3597 342 1.017
36 1.503 -3.5847 -0.6871 12.850 0.4722 2.4632 330 1.018
48 1.332 -3.8721 -1.1038 14.993 1.2184 4.2740 318 1.019
60 1.254 -4.0951 -1.3699 16.770 1.8766 5.6097 306 1.020
72 1.200 -4.2773 -1.6093 18.295 2.5899 6.8835 294 1.021
84 1.158 -4.4313 -1.8462 19.637 3.4086 8.1813 282 1.022
96 1.123 -4.5648 -2.0931 20.837 4.3809 9.5545 270 1.024
108 1.096 -4.6825 -2.3426 21.926 5.4879 10.9694 258 1.026
120 1.070 -4.7879 -2.6527 22.924 7.0370 12.7009 246 1.028

234 1.030
222 1.032
210 1.035
198 1.039
186 1.043
174 1.047
162 1.053
150 1.059
138 1.067
126 1.077
114 1.090
102 1.107
90 1.129
78 1.161
66 1.208
54 1.282
42 1.415
30 1.694
18 2.514
6 10.716

-39.9642 -12.7501 164.5370 27.6243 58.3389
-3.9964 -1.2750 16.5 2.7624 5.8339

N  = 10
A  = 1.269E+02
B  = 1.531 R^2 = 0.99446
C  = 0

* Appendix A3

Sum
Average

Estimation of Cumulative Paid Loss Development Factors
Using "The Method of Least Squares"

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Workers Compensation
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Roanoke County Appendix A5
Workers Compensation
Combined Experience for County and School Board*

Accident
Period 12 24 36 48 60 72 84 96 108 120 132 144

7/1/96-97 223 225 225 225 225 225 225 225 226 226 226

7/1/97-98 383 414 414 414 414 414 414 414 229 229 229 229

7/1/98-99 415 429 429 429 429 429 429 201 201 201 201 201

7/1/99-00 443 473 473 473 473 473 250 250 250 250 250 250

7/1/00-01 364 378 378 378 378 175 175 175 175 175 175 175

7/1/01-02 402 412 412 412 220 220 220 220 220 220 220 220

7/1/02-03 453 467 467 195 195 195 195 195 195 195 195 195

7/1/03-04 479 492 220 220 220 220 220 220 220 220 220 220

7/1/04-05 375 196 196 196 196 196 196 196 196 196 196 196

7/1/05-06 172 176 177 177 177 177 177 177 177 177 177 177
7/1/06-07 181 179 182 181 181 181 181 181 181 180 180
7/1/07-08 210 214 216 216 216 216 216 216 217 217
7/1/08-09 168 176 176 176 176 176 176 176 176
7/1/09-10 167 173 173 173 173 173 173 173
7/1/10-11 172 178 180 180 181 181 181
7/1/11-12 180 186 186 186 186 186
7/1/12-13 202 203 203 203 203
7/1/13-14 195 205 205 205
7/1/14-15 202 203 203
7/1/15-16 180 180
7/1/16-17 171

Accident
Period 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:ult

7/1/96-97 1.009 1.000 1.000 1.000 1.000 1.000 1.000 1.004 1.000 1.000

7/1/97-98 1.081 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/98-99 1.034 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/99-00 1.068 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/00-01 1.038 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/01-02 1.025 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/02-03 1.031 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/03-04 1.027 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/04-05 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/05-06 1.023 1.006 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7/1/06-07 0.989 1.017 0.995 1.000 1.000 1.000 1.000 1.000 0.994 1.000
7/1/07-08 1.019 1.009 1.000 1.000 1.000 1.000 1.000 1.005 1.000
7/1/08-09 1.048 1.000 1.000 1.000 1.000 1.000 1.000 1.000
7/1/09-10 1.036 1.000 1.000 1.000 1.000 1.000 1.000
7/1/10-11 1.035 1.011 1.000 1.006 1.000 1.000
7/1/11-12 1.033 1.000 1.000 1.000 1.000
7/1/12-13 1.005 1.000 1.000 1.000
7/1/13-14 1.051 1.000 1.000
7/1/14-15 1.005 1.000
7/1/15-16 1.000

Average 1.030 1.003 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Wtd. Avg. 1.018 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Avg Latest 5 1.019 1.002 1.000 1.001 1.000 1.000 1.000 1.001 0.999 1.000 1.000
VACO 1.042 1.002 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Prior 1.033 1.004 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Selected 1.030 1.003 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Cumulative 12:ult 24:ult 36:ult 48:ult 60:ult 72:ult 84:ult 96:ult 108:ult 120:ult 132:ult 144:ult
Factor 1.034 1.003 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

* School Board losses were as of 5/31/05 in the 2005 analysis
+ Beginning 7/1/05, record-only claims no longer included in claim counts

Claim Count Development

Claims reported as of (months):+

Age-to-Age Factors
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Roanoke County Appendix A6

Workers Compensation
Combined Experience for County and School Board

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 1.034 -2.4849 -3.3883 6.175 11.4806 8.4196 354 1.000
24 1.003 -3.1781 -5.7369 10.100 32.9125 18.2323 342 1.000

330 1.000
318 1.000
306 1.000
294 1.000
282 1.000
270 1.000
258 1.000
246 1.000
234 1.000
222 1.000
210 1.000
198 1.000
186 1.000
174 1.000
162 1.000
150 1.000
138 1.000
126 1.000
114 1.000
102 1.000
90 1.000
78 1.000
66 1.000
54 1.000
42 1.000
30 1.002
18 1.009
6 2.179

-5.6630 -9.1252 16.3 44.3931 26.6519
-2.8315 -4.5626 8.1 22.1966 13.3260

N  = 2
A  = 1.532E+02
B  = 3.388 R^2 = 1.00000
C  = 0

* Appendix A5

Estimation of Cumulative Claim Count Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum

Workers Compensation
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Roanoke County Appendix B

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)

Workers Composite
Compensation Economic Annual Trend

Economic Social & Social Percent Accident Interpolated Factor
Year Index Index Index Increase Period Index to 7/1/18-19

1989 49.3 1.000 49.3 -- 7/1/88-89 49.3 3.019
1990 52.9 1.000 52.9 7.3% 7/1/89-90 51.1 2.913
1991 55.8 1.000 55.8 5.6% 7/1/90-91 54.3 2.737
1992 58.8 1.000 58.8 5.4% 7/1/91-92 57.3 2.596
1993 61.7 1.000 61.7 4.9% 7/1/92-93 60.2 2.469

1994 63.3 1.000 63.3 2.6% 7/1/93-94 62.5 2.381
1995 64.3 1.000 64.3 1.7% 7/1/94-95 63.8 2.331
1996 66.7 1.000 66.7 3.7% 7/1/95-96 65.5 2.269

1997 69.3 1.000 69.3 3.8% 7/1/96-97 68.0 2.186
1998 72.2 1.000 72.2 4.2% 7/1/97-98 70.8 2.102
1999 75.0 1.000 75.0 3.8% 7/1/98-99 73.6 2.020

2000 78.7 1.000 78.7 5.0% 7/1/99-00 76.9 1.935
2001 81.6 1.000 81.6 3.6% 7/1/00-01 80.2 1.856

2002 85.8 1.000 85.8 5.2% 7/1/01-02 83.7 1.777
2003 90.3 1.000 90.3 5.2% 7/1/02-03 88.0 1.689

2004 95.2 1.000 95.2 5.5% 7/1/03-04 92.8 1.603
2005 100.0 1.000 100.0 5.0% 7/1/04-05 97.6 1.524
2006 104.8 1.000 104.8 4.8% 7/1/05-06 102.4 1.452

2007 106.8 1.000 106.8 1.8% 7/1/06-07 105.8 1.406
2008 110.0 1.000 110.0 3.0% 7/1/07-08 108.4 1.372

2009 110.0 1.000 110.0 0.0% 7/1/08-09 110.0 1.352
2010 114.6 1.000 114.6 4.2% 7/1/09-10 112.3 1.324
2011 118.4 1.000 118.4 3.3% 7/1/10-11 116.5 1.276

2012 122.2 1.000 122.2 3.2% 7/1/11-12 120.3 1.236
2013 125.1 1.000 125.1 2.3% 7/1/12-13 123.6 1.203

2014 129.6 1.000 129.6 3.6% 7/1/13-14 127.3 1.168
2015 133.5 1.000 133.5 3.0% 7/1/14-15 131.5 1.131

2016* 137.7 1.000 137.7 3.1% 7/1/15-16 135.6 1.097
2017** 142.0 1.000 142.0 3.1% 7/1/16-17 139.8 1.064

2018** 146.4 1.000 146.4 3.1% 7/1/17-18 144.2 1.031
2019** 151.0 1.000 151.0 3.1% 7/1/18-19 148.7 1.000
2020** 155.8 1.000 155.8 3.1% 7/1/19-20 153.4 0.970

* 2016 numbers are preliminary
** Future trend estimated using latest year

Column (B):  Willis Towers Watson Claim Cost Index, September 2016

                     Jeremy P. Pecora and Emily M. Thompson
                     2002-2008 adjusted to remove effects of changes in California cost trends
Column (C):  No Social Inflation assumed
Column (D) = (B) x (C)

Column (E) = [(D) / (D, prior)] - 1
Column (G):  Linear interpolation of column (D)
Column (H) = [(G), forecast period] / [(G), current period]

U.S. Claims Cost Index
Adjusted to Remove Effects of California Trend
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Roanoke County Appendix C

Workers Compensation

(A) (B) (C) (D) (E) (F)
Annual Trend

ECI Percent Accident Interpolated Factor
Year Index Increase Period Index to 7/1/18-19

1996 74.3
1997 76.8 3.4% 7/1/96-97 75.5 1.764
1998 79.7 3.8% 7/1/97-98 78.3 1.703
1999 82.4 3.4% 7/1/98-99 81.1 1.643
2000 85.7 3.9% 7/1/99-00 84.1 1.585
2001 88.8 3.6% 7/1/00-01 87.2 1.527
2002 91.7 3.2% 7/1/01-02 90.2 1.477
2003 94.3 2.9% 7/1/02-03 93.0 1.433
2004 96.7 2.5% 7/1/03-04 95.5 1.395
2005 99.1 2.5% 7/1/04-05 97.9 1.361

` 2006 102.0 3.0% 7/1/05-06 100.5 1.325
2007 105.5 3.4% 7/1/06-07 103.8 1.284
2008 108.7 3.1% 7/1/07-08 107.1 1.244
2009 110.6 1.7% 7/1/08-09 109.7 1.215
2010 112.3 1.6% 7/1/09-10 111.5 1.195
2011 114.1 1.6% 7/1/10-11 113.2 1.177
2012 116.0 1.7% 7/1/11-12 115.0 1.158
2013 118.0 1.7% 7/1/12-13 117.0 1.139
2014 120.2 1.9% 7/1/13-14 119.1 1.119
2015 122.9 2.2% 7/1/14-15 121.5 1.096
2016 125.7 2.3% 7/1/15-16 124.3 1.072
2017 128.8 2.5% 7/1/16-17 127.2 1.047
2018* 131.7 2.3% 7/1/17-18 130.2 1.023
2019* 134.7 2.3% 7/1/18-19 133.2 1.000
2020* 137.8 2.3% 7/1/19-20 136.3 0.978

* Estimated at 2.3%

Column (B):  U. S. Department of Labor, Bureau of Statistics, bls.gov
              Wages and Salary Cost Index for All Civilian Workers, Not Seasonably Adjusted

Column (C) = [(B) / (B,prior)] - 1
Column (E):  Values interpolated from index in (B)
Column (F) = (E, Forecast period) / (E)

Derivation of Exposure Trend Factors
Employment Compensation Index
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Roanoke County Appendix D

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)
Cumulative % Losses

Maturity Paid Loss % Losses Midpoint Paid Column(F) Discount
Accident in Years at Develop. Paid Upcoming Upcoming Discounted Factor at
Period 12/31/2017 Factor 12/31/2017 Period Period 2.5% 2.5%

7/1/88-89 29.5 1.000 100.0% 1.000
7/1/89-90 28.5 1.000 100.0% 1.000
7/1/90-91 27.5 1.000 100.0% 1.000
7/1/91-92 26.5 1.000 100.0% 1.000
7/1/92-93 25.5 1.000 100.0% 1.000
7/1/93-94 24.5 1.000 100.0% 1.000
7/1/94-95 23.5 1.000 100.0% 1.000
7/1/95-96 22.5 1.000 100.0% 1.000
7/1/96-97 21.5 1.000 100.0% 1.000
7/1/97-98 20.5 1.000 100.0% 1.000
7/1/98-99 19.5 1.030 97.1% 20.0 2.9% 0.018 0.988
7/1/99-00 18.5 1.032 96.9% 19.0 0.2% 0.001 0.965
7/1/00-01 17.5 1.035 96.6% 18.0 0.3% 0.002 0.945
7/1/01-02 16.5 1.039 96.3% 17.0 0.3% 0.002 0.928
7/1/02-03 15.5 1.043 95.9% 16.0 0.4% 0.002 0.913
7/1/03-04 14.5 1.047 95.5% 15.0 0.4% 0.003 0.899
7/1/04-05 13.5 1.053 95.0% 14.0 0.5% 0.003 0.888
7/1/05-06 12.5 1.059 94.4% 13.0 0.6% 0.004 0.879
7/1/06-07 11.5 1.067 93.7% 12.0 0.7% 0.005 0.873
7/1/07-08 10.5 1.077 92.8% 11.0 0.9% 0.007 0.868
7/1/08-09 9.5 1.090 91.7% 10.0 1.1% 0.009 0.865
7/1/09-10 8.5 1.107 90.4% 9.0 1.4% 0.011 0.865
7/1/10-11 7.5 1.129 88.6% 8.0 1.8% 0.015 0.866
7/1/11-12 6.5 1.161 86.1% 7.0 2.4% 0.020 0.870
7/1/12-13 5.5 1.208 82.8% 6.0 3.3% 0.029 0.876
7/1/13-14 4.5 1.282 78.0% 5.0 4.8% 0.043 0.884
7/1/14-15 3.5 1.415 70.7% 4.0 7.3% 0.066 0.893
7/1/15-16 2.5 1.694 59.0% 3.0 11.6% 0.108 0.905
7/1/16-17 1.5 2.514 39.8% 2.0 19.3% 0.183 0.916
7/1/17-18 0.5 10.716 9.3% 1.0 30.4% 0.297 0.925
7/1/18-19 0.0 0.5 9.3% 0.092 0.921

Column (C):  Appendix A2
Column (D) = 1 / (C)
Column (E) = [ (B), current line + (B), previous line] / 2
Column (F) = (D), previous line - (D), current line
Column (G) = (F)  x  [ 1 + Interest Rate ]^[ -(E) ]
Column (H) = [1 + Interest Rate]^[(B)]  /  [1 - (D)]  x  [Downward Sum, (G)]

Derivation of Discount Factors
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Roanoke County Appendix E

Workers Compensation

Accident
Period 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:156 156:168 168:180 180:Ult

7/1/96-97 1.2238 1.1212 1.6592 1.1041 0.9522 1.0000 1.0533 1.0083 0.9997 1.0000 1.0000 0.9975 1.0219

7/1/97-98 2.0712 0.9782 1.0130 1.0277 1.0212 1.0040 1.0979 1.0194 0.9753 0.8867 1.0000 0.9844 0.9842 1.0000
7/1/98-99 1.1681 1.0975 1.1857 1.0118 0.8599 1.0226 1.2941 0.9633 1.1152 1.0000 1.0398 1.1412 0.9555 0.9535
7/1/99-00 1.0352 1.3653 0.8974 1.0287 1.0882 1.0098 1.0003 1.0434 1.0145 1.0173 1.0767 0.9772 0.9766 1.0293

7/1/00-01 1.0595 1.0724 0.5968 1.0515 0.9071 0.9998 1.0089 1.0000 1.0000 1.1080 0.9513 0.9488 1.0000 1.0000
7/1/01-02 0.9387 1.1401 0.9826 0.9864 1.0129 1.0409 1.0708 1.0055 0.9803 1.0339 1.0328 1.0013 1.0015 0.9742

7/1/02-03 1.1991 0.9870 1.1099 1.0650 1.0074 0.9804 0.9992 1.0013 1.0033 1.0033 1.0063 1.0094 1.1263 1.0000
7/1/03-04 1.4825 1.1523 0.9745 1.0678 0.9839 1.0829 1.0013 1.0446 1.0427 1.1637 1.0130 1.0489 1.0000
7/1/04-05 1.4982 1.1576 1.0318 0.9418 0.9169 1.0080 1.0669 1.0627 1.0108 1.0099 0.9632 1.0849

7/1/05-06 1.4696 1.1576 0.9994 0.9881 0.9643 1.0003 0.9862 1.0003 1.0057 1.0603 1.0005
7/1/06-07 1.4457 0.9463 1.1298 0.9677 1.0020 1.0183 1.1146 1.1290 1.0454 1.0594

7/1/07-08 1.0255 1.2533 1.0838 0.9493 0.9631 0.9910 1.0041 1.0621 0.9983
7/1/08-09 2.5947 1.0829 0.9459 1.0105 1.0427 1.1504 0.9490 1.0297
7/1/09-10 1.3508 1.4688 0.9940 1.0133 1.0153 1.4171 1.0000

7/1/10-11 1.3628 1.6950 1.2379 1.0357 1.1286 1.0207
7/1/11-12 2.1999 1.0736 1.0647 1.0150 1.0939

7/1/12-13 1.2608 1.2937 1.1510 1.1024
7/1/13-14 1.6856 1.2157 1.0297
7/1/14-15 1.9658 1.0649

7/1/15-16 1.0367

Variance 0.2062 0.0329 0.0195 0.0261 0.0056 0.0126 0.0074 0.0017 0.0014 0.0049 0.0013 0.0036 0.0026 0.0007

Sum 0.3266 0.1204 0.0875 0.0680 0.0419 0.0363 0.0237 0.0163 0.0146 0.0132 0.0082 0.0069 0.0033 0.0007

Sigma 0.5715 0.3470 0.2958 0.2608 0.2048 0.1906 0.1539 0.1276 0.1207 0.1148 0.0907 0.0832 0.0577 0.0500

Natural Log of Age-to-Age Factors

Analysis of Historical Loss Patterns
Variation in Reported Loss Development

Workers Compensation
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Roanoke County Appendix A1

Auto Liability

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 2.003 -6.1060 0.0028 37.283 0.0000 -0.0171 282 1.000
24 1.402 -6.1324 -0.9116 37.606 0.8310 5.5901 270 1.000
36 1.220 -6.1581 -1.5164 37.922 2.2994 9.3379 258 1.000
48 1.037 -6.1832 -3.2927 38.232 10.8417 20.3592 246 1.000
60 1.017 -6.2076 -4.0853 38.535 16.6897 25.3601 234 1.000
72 1.006 -6.2315 -5.0532 38.832 25.5352 31.4894 222 1.000
84 1.003 -6.2548 -5.8081 39.123 33.7345 36.3290 210 1.000
96 1.002 -6.2776 -6.2141 39.409 38.6151 39.0099 198 1.000

186 1.000
174 1.000
162 1.000
150 1.000
138 1.000
126 1.000
114 1.000
102 1.000
90 1.000
78 1.000
66 1.013
54 1.033
42 1.085
30 1.226
18 1.619
6 4.658

-49.5513 -26.8786 306.9411 128.5467 167.4586
-6.1939 -3.3598 38.3676 16.0683 20.9323

N  = 8
A  = 2.680E+102
B  = 38.620 R^2 = 0.98463
C  = 437

* Based on Virginia Association of Counties Experience

Estimation of Cumulative Reported Loss Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum
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Roanoke County Appendix A2

Auto Liability

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 3.492 -4.1611 0.9131 17.315 0.8337 -3.7993 282 1.000
24 1.718 -4.3326 -0.3307 18.771 0.1094 1.4327 270 1.000
36 1.362 -4.4789 -1.0157 20.061 1.0317 4.5493 258 1.000
48 1.131 -4.6066 -2.0304 21.221 4.1224 9.3531 246 1.000
60 1.067 -4.7198 -2.6979 22.276 7.2787 12.7335 234 1.000
72 1.012 -4.8214 -4.4479 23.246 19.7840 21.4453 222 1.000
84 1.009 -4.9137 -4.7304 24.144 22.3767 23.2437 210 1.000
96 1.006 -4.9982 -5.0813 24.982 25.8198 25.3973 198 1.000
108 1.005 -5.0761 -5.4021 25.766 29.1829 27.4215 186 1.000
120 1.003 -5.1483 -5.9907 26.505 35.8881 30.8418 174 1.000

162 1.000
150 1.000
138 1.000
126 1.000
114 1.000
102 1.000
90 1.000
78 1.000
66 1.033
54 1.071
42 1.169
30 1.453
18 2.421
6 9.621

-47.2566 -30.8140 224.2872 146.4273 152.6188
-4.7257 -3.0814 22.4287 14.6427 15.2619

N  = 10
A  = 3.158E+13
B  = 7.230 R^2 = 0.98342
C  = 52

* Based on Virginia Association of Counties Experience

Sum
Average

Estimation of Cumulative Paid Loss Development Factors
Using "The Method of Least Squares"

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values
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Roanoke County Appendix A3

Auto Liability

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 1.051 -3.3837 -2.9664 11.449 8.7997 10.0374 282 1.000
24 1.004 -3.7252 -5.4342 13.877 29.5303 20.2433 270 1.000
36 1.001 -3.9793 -7.2703 15.835 52.8574 28.9306 258 1.000

246 1.000
234 1.000
222 1.000
210 1.000
198 1.000
186 1.000
174 1.000
162 1.000
150 1.000
138 1.000
126 1.000
114 1.000
102 1.000
90 1.000
78 1.000
66 1.000
54 1.000
42 1.000
30 1.002
18 1.013
6 2.211

-11.0881 -15.6709 41.1607 91.1875 59.2113
-3.6960 -5.2236 13.7202 30.3958 19.7371

N  = 3
A  = 2.139E+09
B  = 7.226 R^2 = 1.00000
C  = 17

* Based on Virginia Association of Counties Experience

Estimation of Cumulative Claim Count Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum
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Roanoke County Appendix B

Auto Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J)

Auto Auto

Bodily Property Composite Trend

Injury Damage Combined Economic Annual Factor

Economic Economic Economic Social & Social Percent Accident Interpolated to

Year Index Index Index Index Index Increase Period Index 7/1/18-19

1994 61.4 66.8 63.6 1.000 63.6 7/1/93-94 63.6 2.489

1995 64.4 69.3 66.4 1.000 66.4 4.4% 7/1/94-95 65.0 2.436

1996 66.9 71.9 68.9 1.000 68.9 3.9% 7/1/95-96 67.6 2.340

1997 69.5 74.4 71.5 1.000 71.5 3.7% 7/1/96-97 70.2 2.255

1998 72.2 76.9 74.1 1.000 74.1 3.7% 7/1/97-98 72.8 2.174

1999 75.5 79.5 77.1 1.000 77.1 4.0% 7/1/98-99 75.6 2.093

2000 79.7 82.7 80.9 1.000 80.9 4.9% 7/1/99-00 79.0 2.003

2001 83.2 85.2 84.0 1.000 84.0 3.9% 7/1/00-01 82.5 1.919

2002 87.5 88.9 88.1 1.000 88.1 4.8% 7/1/01-02 86.1 1.839

2003 91.4 91.7 91.5 1.000 91.5 3.9% 7/1/02-03 89.8 1.763

2004 95.9 95.1 95.6 1.000 95.6 4.5% 7/1/03-04 93.5 1.692

2005 100.0 100.0 100.0 1.000 100.0 4.6% 7/1/04-05 97.8 1.618

2006 104.9 103.6 104.3 1.000 104.3 4.3% 7/1/05-06 102.2 1.549

2007 110.6 107.2 109.3 1.000 109.3 4.7% 7/1/06-07 106.8 1.482

2008 115.7 110.7 113.7 1.000 113.7 4.1% 7/1/07-08 111.5 1.420

2009 119.3 118.9 119.1 1.000 119.1 4.8% 7/1/08-09 116.4 1.359

2010 124.1 122.0 123.2 1.000 123.2 3.4% 7/1/09-10 121.2 1.306

2011 129.7 125.7 128.1 1.000 128.1 3.9% 7/1/10-11 125.7 1.259

2012 134.8 128.2 132.1 1.000 132.1 3.2% 7/1/11-12 130.1 1.216

2013 138.4 130.6 135.3 1.000 135.3 2.4% 7/1/12-13 133.7 1.183

2014 143.3 134.1 139.6 1.000 139.6 3.1% 7/1/13-14 137.5 1.151

2015 148.0 137.2 143.7 1.000 143.7 3.0% 7/1/14-15 141.6 1.117

2016* 152.7 140.2 147.7 1.000 147.7 2.8% 7/1/15-16 145.7 1.086

2017** 157.6 143.2 151.8 1.000 151.8 2.8% 7/1/16-17 149.8 1.057

2018** 162.6 146.2 156.1 1.000 156.1 2.8% 7/1/17-18 154.0 1.028

2019** 167.8 149.4 160.4 1.000 160.4 2.8% 7/1/18-19 158.3 1.000

2020** 173.2 152.6 164.9 1.000 164.9 2.8% 7/1/19-20 162.7 0.973

Columns (B), (C):  Willis Towers Watson Claim Cost Index, September 2016

           Jeremy P. Pecora and Emily M. Thompson

           * 2016 numbers are preliminary

           ** Future trend estimated based on latest year

Column (D) = 60/40 weighting of BI and PD

Column (E):  No Social Inflation assumed

Column (F) = (D) x (E)

Column (G) = [(F) / (F, prior)] - 1

Column (I):  Linear interpolation of column (F)

Column (J) = [(I), forecast period] / [(I), current period]

U.S. Claims Cost Index
Automobile Liability
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Roanoke County Appendix C

Exposure Trend Factors

No Trend Necessary for Number of Vehicles

Automobile Liability
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Roanoke County Appendix D

Auto Liability

(A) (B) (C) (D) (E) (F) (G) (H)
Cumulative % Losses

Maturity Paid Loss % Losses Midpoint Paid Column (F) Discount
Accident in Years at Develop. Paid Upcoming Upcoming Discounted Factor at
Period 12/31/2017 Factor 12/31/2017 Period Period 2.5% 2.5%

7/1/94-95 23.50 1.000 100.0% 1.000
7/1/95-96 22.50 1.000 100.0% 1.000
7/1/96-97 21.50 1.000 100.0% 1.000
7/1/97-98 20.50 1.000 100.0% 1.000
7/1/98-99 19.50 1.000 100.0% 1.000
7/1/99-00 18.50 1.000 100.0% 1.000
7/1/00-01 17.50 1.000 100.0% 1.000
7/1/01-02 16.50 1.000 100.0% 1.000
7/1/02-03 15.50 1.000 100.0% 1.000
7/1/03-04 14.50 1.000 100.0% 1.000
7/1/04-05 13.50 1.000 100.0% 1.000
7/1/05-06 12.50 1.000 100.0% 1.000
7/1/06-07 11.50 1.000 100.0% 1.000
7/1/07-08 10.50 1.000 100.0% 1.000
7/1/08-09 9.50 1.000 100.0% 1.000
7/1/09-10 8.50 1.000 100.0% 1.000
7/1/10-11 7.50 1.000 100.0% 1.000
7/1/11-12 6.50 1.000 100.0% 1.000
7/1/12-13 5.50 1.033 96.8% 6.0 3.18% 0.0274 0.988
7/1/13-14 4.50 1.071 93.4% 5.0 3.46% 0.0306 0.976
7/1/14-15 3.50 1.169 85.5% 4.0 7.83% 0.0709 0.972
7/1/15-16 2.50 1.453 68.8% 3.0 16.73% 0.1553 0.969
7/1/16-17 1.50 2.421 41.3% 2.0 27.49% 0.2617 0.965
7/1/17-18 0.50 9.621 10.4% 1.0 30.91% 0.3016 0.958
7/1/18-19 0.00 0.5 10.39% 0.1027 0.950

Column (C):  Appendix A2
Column (D) = 1 / (C)
Column (E) = [ (B), current line + (B), previous line] / 2
Column (F) = (D), previous line - (D), current line
Column (G) = (F)  x  [ 1 + Interest Rate ]^[ -(E) ]
Column (H) = [1 + Interest Rate]^[(B)]  /  [1 - (D)]  x  [Downward Sum, (G)]

Derivation of Discount Factors
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Roanoke County Appendix A1

General Liability

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 2.902 -3.5671 0.6429 12.724 0.4133 -2.2932 282 1.000
24 1.820 -3.8589 -0.1985 14.891 0.0394 0.7659 270 1.000
36 1.353 -4.0845 -1.0408 16.684 1.0833 4.2513 258 1.000
48 1.208 -4.2685 -1.5682 18.220 2.4593 6.6939 246 1.000
60 1.134 -4.4238 -2.0103 19.570 4.0414 8.8933 234 1.000
72 1.084 -4.5582 -2.4822 20.778 6.1614 11.3145 222 1.000

210 1.000
198 1.000
186 1.000
174 1.000
162 1.000
150 1.000
138 1.000
126 1.000
114 1.000
102 1.000
90 1.000
78 1.000
66 1.103
54 1.163
42 1.278
30 1.527
18 2.177
6 7.067

-24.7612 -6.6572 102.8673 14.1981 29.6257
-4.1269 -1.1095 17.1445 2.3663 4.9376

N  = 6
A  = 1.518E+05
B  = 3.160 R^2 = 0.99849
C  = 23

* Based on Virginia Association of Counties Experience

Estimation of Cumulative Reported Loss Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum
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Roanoke County Appendix A2

General Liability

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 5.297 -3.0357 1.4578 9.215 2.1252 -4.4254 282 1.000
24 2.403 -3.4909 0.3388 12.186 0.1148 -1.1826 270 1.000
36 1.466 -3.8025 -0.7640 14.459 0.5837 2.9052 258 1.000
48 1.267 -4.0398 -1.3207 16.320 1.7443 5.3355 246 1.000
60 1.181 -4.2314 -1.7102 17.905 2.9248 7.2365 234 1.000
72 1.102 -4.3922 -2.2874 19.291 5.2321 10.0465 222 1.000

210 1.000
198 1.000
186 1.000
174 1.000
162 1.000
150 1.000
138 1.000
126 1.000
114 1.000
102 1.000
90 1.000
78 1.000
66 1.129
54 1.209
42 1.375
30 1.787
18 3.180
6 15.364

-22.9924 -4.2857 89.3766 12.7249 19.9157
-3.8321 -0.7143 14.8961 2.1208 3.3193

N  = 6
A  = 1.880E+04
B  = 2.755 R^2 = 0.99551
C  = 9

* Based on Virginia Association of Counties Experience

Average

Estimation of Cumulative Paid Loss Development Factors
Using "The Method of Least Squares"

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum
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Roanoke County Appendix A3

General Liability

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 1.165 -2.4582 -1.7993 6.043 3.2376 4.4231 282 1.000
24 1.026 -3.1648 -3.6401 10.016 13.2500 11.5201 270 1.000
36 1.008 -3.5747 -4.8477 12.778 23.5004 17.3291 258 1.000
48 1.004 -3.8646 -5.5315 14.935 30.5977 21.3771 246 1.000
60 1.003 -4.0891 -5.7911 16.720 33.5366 23.6801 234 1.000
72 1.002 -4.2723 -6.2073 18.252 38.5303 26.5192 222 1.000
84 1.001 -4.4270 -7.2654 19.599 52.7865 32.1644 210 1.000

198 1.000
186 1.000
174 1.000
162 1.000
150 1.000
138 1.000
126 1.000
114 1.000
102 1.000
90 1.000
78 1.000
66 1.000
54 1.000
42 1.006
30 1.015
18 1.056
6 2.685

-25.8507 -35.0824 98.3438 195.4390 137.0130
-3.6930 -5.0118 14.0491 27.9199 19.5733

N  = 7
A  = 9.495E+01
B  = 2.590 R^2 = 0.98450
C  = 0

* Based on Virginia Association of Counties Experience

Estimation of Cumulative Claim Count Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum
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Roanoke County Appendix B

General Liability

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J)

Other Other

Bodily Property Composite Trend

Injury Damage Combined Economic Annual Factor

Economic Economic Economic Social & Social Percent Accident Interpolated to

Year Index Index Index Index Index Increase Period Index 7/1/18-19

1994 61.4 68.2 64.8 1.000 64.8 4.5% 7/1/93-94 64.8 2.291

1995 63.8 70.1 66.9 1.000 66.9 3.3% 7/1/94-95 65.9 2.254

1996 66.2 72.4 69.3 1.000 69.3 3.6% 7/1/95-96 68.1 2.179

1997 68.9 75.3 72.1 1.000 72.1 4.0% 7/1/96-97 70.7 2.100

1998 71.6 77.7 74.7 1.000 74.7 3.6% 7/1/97-98 73.4 2.023

1999 75.1 80.5 77.8 1.000 77.8 4.2% 7/1/98-99 76.3 1.947

2000 79.0 84.0 81.5 1.000 81.5 4.8% 7/1/99-00 79.7 1.864

2001 82.8 84.3 83.6 1.000 83.6 2.6% 7/1/00-01 82.5 1.799

2002 87.9 87.3 87.6 1.000 87.6 4.8% 7/1/01-02 85.6 1.735

2003 92.0 89.6 90.8 1.000 90.8 3.7% 7/1/02-03 89.2 1.665

2004 96.1 94.5 95.3 1.000 95.3 3.7% 7/1/03-04 93.0 1.596

2005 100.0 100.0 100.0 1.000 100.0 4.3% 7/1/04-05 97.6 1.521

2006 104.1 104.6 104.4 1.000 104.4 4.3% 7/1/05-06 102.2 1.453

2007 109.6 108.4 109.0 1.000 109.0 4.5% 7/1/06-07 106.7 1.392

2008 114.7 111.6 113.2 1.000 113.2 3.8% 7/1/07-08 111.1 1.337

2009 118.3 112.7 115.5 1.000 115.5 2.1% 7/1/08-09 114.3 1.299

2010 122.4 114.2 118.3 1.000 118.3 2.4% 7/1/09-10 116.9 1.270

2011 127.6 117.7 122.7 1.000 122.7 3.7% 7/1/10-11 120.5 1.232

2012 131.1 122.0 126.6 1.000 126.6 3.2% 7/1/11-12 124.6 1.192

2013 134.8 124.7 129.8 1.000 129.8 2.5% 7/1/12-13 128.2 1.159

2014 137.8 128.9 133.4 1.000 133.4 2.8% 7/1/13-14 131.6 1.129

2015 145.5 128.9 137.2 1.000 137.2 2.9% 7/1/14-15 135.3 1.098

2016* 149.9 130.7 140.3 1.000 140.3 2.3% 7/1/15-16 138.8 1.070

2017** 154.5 132.5 143.5 1.000 143.5 2.3% 7/1/16-17 141.9 1.046

2018** 159.2 134.4 146.8 1.000 146.8 2.3% 7/1/17-18 145.2 1.023

2019** 164.1 136.3 150.2 1.000 150.2 2.3% 7/1/18-19 148.5 1.000

2020** 169.1 138.2 153.7 1.000 153.7 2.3% 7/1/19-20 151.9 0.977

Columns (B), (C):  Willis Towers Watson Claim Cost Index, September 2016

           Jeremy P. Pecora and Emily M. Thompson

           * 2016 numbers are preliminary

           ** Future trend estimated based on latest year

Column (D) = Average of (B) and (C)

Column (E):  No Social Inflation assumed

Column (F) = (D) x (E)

Column (G) = [(F) / (F, prior)] - 1

Column (I):  Linear interpolation of column (F)

Column (J) = [(I), forecast period] / [(I), current period]

U.S. Claims Cost Index
General Liability

RoCo GL 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Appendix C

General Liability

(A) (B) (C) (D) (E) (F)
Annual Trend

CPI Percent Accident Interpolated Factor
Year Index Increase Period Index 7/1/18-19

1994 148.2
1995 152.4 2.8% 7/1/94-95 150.3 1.680
1996 156.9 3.0% 7/1/95-96 154.7 1.633
1997 160.5 2.3% 7/1/96-97 158.7 1.591
1998 163.0 1.6% 7/1/97-98 161.8 1.561
1999 166.6 2.2% 7/1/98-99 164.8 1.532
2000 172.2 3.4% 7/1/99-00 169.4 1.491
2001 177.1 2.8% 7/1/00-01 174.7 1.446
2002 179.9 1.6% 7/1/01-02 178.5 1.415
2003 184.0 2.3% 7/1/02-03 182.0 1.388
2004 188.9 2.7% 7/1/03-04 186.5 1.354
2005 195.3 3.4% 7/1/04-05 192.1 1.314

` 2006 201.6 3.2% 7/1/05-06 198.5 1.272
2007 207.3 2.8% 7/1/06-07 204.5 1.235
2008 215.3 3.9% 7/1/07-08 211.3 1.195
2009 214.5 -0.4% 7/1/08-09 214.9 1.175
2010 218.1 1.7% 7/1/09-10 216.3 1.167
2011 224.9 3.1% 7/1/10-11 221.5 1.140
2012 229.6 2.1% 7/1/11-12 227.3 1.111
2013 233.0 1.5% 7/1/12-13 231.3 1.092
2014 236.7 1.6% 7/1/13-14 234.9 1.075
2015 237.0 0.1% 7/1/14-15 236.9 1.066
2016 240.0 1.3% 7/1/15-16 238.5 1.059
2017 245.1 2.1% 7/1/16-17 242.6 1.041
2018* 250.0 2.0% 7/1/17-18 247.6 1.020
2019* 255.0 2.0% 7/1/18-19 252.5 1.000
2020* 260.1 2.0% 7/1/19-20 257.6 0.980

* Forecast at 2.0% annual increase

Column (B):  based on data from the U. S. Department of Labor, Bureau of Statistics
Column (C) = [(B) / (B,prior)] - 1
Column (E):  Values interpolated from index in (B)
Column (F) = (E, Forecast period) / (E)

Derivation of Consumer Price Index
Exposure Trend Factors

RoCo GL 17     JAP 2/19/2018 Select Actuarial Services
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Roanoke County Appendix D

General Liability

(A) (B) (C) (D) (E) (F) (G) (H)
Cumulative % Losses

Maturity Paid Loss % Losses Midpoint Paid Column(F) Discount
Accident in Years at Develop. Paid Upcoming Upcoming Discounted Factor at
Period 12/31/2017 Factor 12/31/2017 Period Period 2.5% 2.5%

7/1/94-95 23.50 1.000 100.0% 1.000
7/1/95-96 22.50 1.000 100.0% 1.000
7/1/96-97 21.50 1.000 100.0% 1.000
7/1/97-98 20.50 1.000 100.0% 1.000
7/1/98-99 19.50 1.000 100.0% 1.000
7/1/99-00 18.50 1.000 100.0% 1.000
7/1/00-01 17.50 1.000 100.0% 1.000
7/1/01-02 16.50 1.000 100.0% 1.000
7/1/02-03 15.50 1.000 100.0% 1.000
7/1/03-04 14.50 1.000 100.0% 1.000
7/1/04-05 13.50 1.000 100.0% 1.000
7/1/05-06 12.50 1.000 100.0% 1.000
7/1/06-07 11.50 1.000 100.0% 1.000
7/1/07-08 10.50 1.000 100.0% 1.000
7/1/08-09 9.50 1.000 100.0% 1.000
7/1/09-10 8.50 1.000 100.0% 1.000
7/1/10-11 7.50 1.000 100.0% 1.000
7/1/11-12 6.50 1.000 100.0% 1.000
7/1/12-13 5.50 1.129 88.5% 6.0 11.45% 0.0987 0.988
7/1/13-14 4.50 1.209 82.7% 5.0 5.85% 0.0517 0.972
7/1/14-15 3.50 1.375 72.7% 4.0 9.96% 0.0903 0.963
7/1/15-16 2.50 1.787 56.0% 3.0 16.78% 0.1558 0.958
7/1/16-17 1.50 3.180 31.4% 2.0 24.51% 0.2332 0.953
7/1/17-18 0.50 15.364 6.5% 1.0 24.94% 0.2433 0.945
7/1/18-19 0.00 0.5 6.51% 0.0643 0.937

Column (C):  Appendix A2
Column (D) = 1 / (C)
Column (E) = [ (B), current line + (B), previous line] / 2
Column (F) = (D), previous line - (D), current line
Column (G) = (F)  x  [ 1 + Interest Rate ]^[ -(E) ]
Column (H) = [1 + Interest Rate]^[(B)]  /  [1 - (D)]  x  [Downward Sum, (G)]

Derivation of Discount Factors

RoCo GL 17     JAP 2/19/2018 Select Actuarial Services
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Executive Summary 
The purpose of this report is to provide the School Board of the County of 
Roanoke, Virginia, with an evaluation of the liabilities associated with its 
retained workers compensation exposures. The specific objectives are (a) 
to determine required reserves for historical accident periods as of 
March 31, 2019, using data evaluated as of March 31, 2019, (b) to project 
ultimate liabilities for the forecast periods 7/1/19-20 and 7/1/20-21, (c) to 
estimate required funding as of March 31, 2019, and to project funding 
requirements through the 2020/21 year; and (d) to provide estimated cash 
flow requirements for prior incurred claims and projected future claims by 
fiscal year.  

Key assumptions in this analysis include the use of: 

1) Historical reporting and payment patterns of the combined 
experience of the County and School Board, supplemented by 
those of the Virginia Association of Counties, to estimate ultimate 
workers compensation losses for past accident years; 

2) External economic indices to estimate trends; 

3) Use of various statistical distributions to model the loss generating 
process and to measure the variability in the loss estimates; and 

4) A 2.5% rate of return in discounting outstanding losses. 

Table 1 following this Executive Summary displays the estimated ultimate 
limited losses, the limited reported and paid losses, and the case 
reserves, along with discounted and undiscounted estimated outstanding 
losses, for accident periods from July 1, 1992, through March 31, 2019, as 
of March 31, 2019. Table 2 shows projected loss payments during the 
remainder of the 2018/19 year and the following ten fiscal years. Table 3 
shows the required fund balance if funding at the expected level with an 
additional $250,000 risk margin. 

The graph following this Executive Summary illustrates the results of this 
analysis. Estimated ultimate losses for each policy period are shown, 
divided into paid losses, adjusters’ reserves on known claims (case 
reserves) and unreported (IBNR) losses. Also shown are the forecasts for 
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the remaining three months of 2018/19 and the 2019/20 and 2020/21 
years. Payroll is displayed as a line scaled on the right side of the graph.  

Throughout the analysis we have estimated ultimate losses using data as 
of March 31, 2019. Unless otherwise specified, “losses” includes allocated 
expenses but not unallocated claims handling charges throughout this 
report.    

Results of the Analysis 

In total, reported losses for accident periods through 2018/19 have 
developed $120,000 lower than projected since the prior study as of 
December 31, 2016. For the older periods, the greatest deviation from 
expected was observed for the 2003/04 and 2006/07 accident years. 
Claim #WC077C014971 from the 2003/04 accident year increased by 
$35,000 since the previous evaluation. From the 2006/07 accident year, 
claim #WC077C022074 re-opened with reported losses increasing 
$202,000. The higher than expected development driven by these two 
claims was offset by overall favorable experience for the more recent 
accident years. An exception to the favorable experience in recent years is 
claim #WC077C144455, occurring in 2015/16, which had reported losses 
increase by $198,000 since December 31, 2016. Reported losses for most 
other recent accident years came in below projections. For the 1996/97 
through 2018/19 years combined, estimated ultimate losses have been 
adjusted downward by $77,000. 

Estimated total required reserves for all periods as of March 31, 2019, 
(92/93 through 18/19) are $732,000. Discounting the outstanding liabilities 
at 2.5% reduces the expected outstanding losses to $664,000. 

We project that the School Board will incur about 87 claims during the 
2019/20 year, at an average cost of $4,800, resulting in total losses of 
about $416,000 for the year. The projected cost per $100 payroll for 
2019/20 is $0.43. 

It must be understood that the evaluation of ultimate levels of past 
liabilities requires estimation of future transactions. In projecting future 
loss emergence, we have assumed that historical patterns, with specific 
adjustments as noted, are predictive of future loss emergence. We have 
not anticipated any extraordinary changes to the legal, social, and 
economic environment that might affect the cost and frequency of all 
claims, again except as noted. Actual results may differ significantly from 
the estimates provided in this analysis. 

Page 5 of 51



Roanoke County School Board Table 1

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H) (I)
Total

Selected Limited Limited Total Discount Discounted
Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at
Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

7/1/92-93 -- $304,020 $304,020 $0 $0 $0 1.000 $0

7/1/93-94 -- $2,499 $2,499 $0 $0 $0 1.000 $0

7/1/94-95 -- $4,025 $4,025 $0 $0 $0 1.000 $0

7/1/95-96 -- $250,000 $250,000 $0 $0 $0 1.000 $0

7/1/96-97 $477,879 $477,879 $477,879 $0 $0 $0 1.000 $0

7/1/97-98 $184,764 $184,764 $184,764 $0 $0 $0 1.000 $0

7/1/98-99 $178,018 $178,018 $178,018 $0 $0 $0 1.000 $0

7/1/99-00 $165,594 $165,594 $165,594 $0 $0 $0 0.988 $0

7/1/00-01 $43,290 $43,290 $43,290 $0 $0 $0 0.966 $0

7/1/01-02 $93,990 $93,990 $93,990 $0 $0 $0 0.946 $0

7/1/02-03 $310,984 $310,984 $310,984 $0 $0 $0 0.929 $0

7/1/03-04 $388,000 $375,431 $384,555 $9,124 $3,000 $12,000 0.914 $11,000

7/1/04-05 $173,970 $173,970 $173,970 $0 $0 $0 0.902 $0

7/1/05-06 $177,537 $177,537 $177,537 $0 $0 $0 0.892 $0

7/1/06-07 $455,093 $455,093 $455,093 $0 $0 $0 0.884 $0

7/1/07-08 $221,834 $221,834 $221,834 $0 $0 $0 0.878 $0

7/1/08-09 $156,000 $150,318 $152,136 $1,818 $4,000 $6,000 0.874 $5,000

7/1/09-10 $593,000 $587,481 $587,481 $0 $6,000 $6,000 0.872 $5,000

7/1/10-11 $458,000 $440,397 $440,397 $0 $18,000 $18,000 0.872 $16,000

7/1/11-12 $245,000 $226,762 $233,380 $6,618 $12,000 $19,000 0.874 $17,000

7/1/12-13 $187,000 $174,947 $174,947 $0 $12,000 $12,000 0.877 $11,000

7/1/13-14 $481,000 $439,601 $439,601 $0 $41,000 $41,000 0.882 $36,000

7/1/14-15 $246,000 $212,147 $212,147 $0 $34,000 $34,000 0.889 $30,000

7/1/15-16 $443,000 $385,154 $386,035 $881 $57,000 $58,000 0.897 $52,000

7/1/16-17 $308,000 $184,261 $210,448 $26,187 $98,000 $124,000 0.906 $112,000

7/1/17-18 $340,000 $166,615 $186,043 $19,428 $154,000 $173,000 0.914 $158,000

7/1/18-3/31/19 $258,000 $28,868 $77,545 $48,678 $180,000 $229,000 0.921 $211,000

Total $6,586,000 $6,415,477 $6,528,211 $112,734 $619,000 $732,000 $664,000

96-97 through 3/31/19 $6,586,000 $5,854,933 $5,967,668 $112,734 $619,000 $732,000 $664,000

3/31-6/30/19 $86,000

Column (B):  Exhibit X; prorated for 7/1/18-19
Columns (C), (D):  Exhibit I, limited to retention
Column (E) = (D) - (C)
Column (F) = (B) - (D); judgmentally selected for 92-93 through 95/96
Column (G) = (E) + (F)
Column (H):  Appendix D
Column (I) = (G) * (H)

Calculation of Required Reserves
As of March 31, 2019

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services

Page 6 of 51



Roanoke County School Board Table 2

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 3/31-6/30/19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28 2028-29

7/1/95-96 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/00-01 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/01-02 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/02-03 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/03-04 $12,000 $300 $1,100 $1,000 $800 $700 $600 $600 $500 $400 $400 $400

7/1/04-05 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/05-06 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/06-07 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/07-08 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/08-09 $6,000 $200 $800 $600 $500 $400 $400 $300 $300 $200 $200 $200

7/1/09-10 $6,000 $200 $800 $600 $500 $400 $400 $300 $300 $200 $200 $200

7/1/10-11 $18,000 $800 $2,600 $2,000 $1,600 $1,300 $1,100 $900 $800 $700 $600 $500

7/1/11-12 $19,000 $900 $3,000 $2,300 $1,800 $1,400 $1,200 $1,000 $800 $700 $600 $500

7/1/12-13 $12,000 $600 $2,000 $1,500 $1,200 $900 $700 $600 $500 $400 $400 $300

7/1/13-14 $41,000 $2,300 $7,600 $5,600 $4,200 $3,200 $2,500 $2,000 $1,600 $1,400 $1,100 $1,000

7/1/14-15 $34,000 $2,200 $6,900 $4,900 $3,600 $2,700 $2,100 $1,600 $1,300 $1,100 $900 $700

7/1/15-16 $58,000 $4,100 $13,000 $8,900 $6,300 $4,600 $3,500 $2,700 $2,100 $1,700 $1,400 $1,100

7/1/16-17 $124,000 $9,800 $30,400 $20,100 $13,800 $9,800 $7,200 $5,400 $4,200 $3,300 $2,600 $2,100

7/1/17-18 $173,000 $14,400 $45,600 $29,900 $19,900 $13,700 $9,700 $7,100 $5,300 $4,100 $3,200 $2,600

7/1/18-3/31/19 $229,000 $24,800 $59,700 $41,500 $27,300 $18,200 $12,500 $8,900 $6,500 $4,900 $3,800 $3,000

Subtotal $732,000 $61,000 $174,000 $119,000 $82,000 $57,000 $42,000 $31,000 $24,000 $19,000 $15,000 $13,000

3/31-6/30/19 $86,000 $9,000 $22,000 $16,000 $10,000 $7,000 $5,000 $3,000 $2,000 $2,000 $1,000 $1,000

7/1/19-20 $416,000 -- $111,000 $89,000 $62,000 $41,000 $27,000 $19,000 $13,000 $10,000 $7,000 $6,000

Total $1,234,000 $70,000 $307,000 $224,000 $154,000 $105,000 $74,000 $53,000 $39,000 $31,000 $23,000 $20,000

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A4 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 03/31/19)]}.

Amount paid equals the percent of outstanding or expected paid times the estimated outstanding losses or expected incurred.

Projection of Loss Payout
For the Next Ten Fiscal Years

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Table 3

Workers Compensation

(1) Estimated Outstanding Losses as of 3/31/19 $732,000

{ Exhibit XII-1 }

(2) Forecast Losses for 3/31-6/30/19 $86,000

{ Exhibit XII-1 }

(3) Additional Risk Margin $250,000

{ Provided by Roanoke Co. Schools }

(4) Required Funding as of 3/31/19 $1,068,000

{ (1) + (2) + (3) }

(5) Projected Payments during 3/31-6/30/19 $70,000

{ Exhibit XIII-1 }

(6) Estimated Outstanding Losses as of 6/30/19 $748,000

{ (1) + (2) – (5) }

(7) Forecast Losses for 7/1/19-20 $416,000

{ Exhibit VI }

(8) Additional Risk Margin $250,000

{ Provided by Roanoke Co. Schools }

(9) Required Funding as of 6/30/19 $1,414,000

{ (6) + (7) + (8) }

(10) Projected Payments during 7/1/19-20 $307,000

{ Exhibit XIII-1 }

(11) Estimated Outstanding Losses as of 6/30/20 $857,000

{ (6) + (7) – (10) }

(12) Forecast Losses for 7/1/20-21 $428,000

{ Exhibit VI }

(13) Additional Risk Margin $250,000

{ Provided by Roanoke Co. Schools }

(14) Required Funding as of 6/30/20 $1,535,000

{ (11) + (12) + (13) }

Funding at the Expected Level
With An Additional $250,000 Risk Margin

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Graphs

Workers Compensation

Composition of Ultimate and Outstanding Losses
Accident Periods Beginning July 1, 1996, through June 30, 2021
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Introduction 
Select Actuarial Services has prepared this report for the School Board of 
Roanoke County, Virginia (hereinafter referred to as “the School Board”) 
at the request of Ms. Susan Peterson, Director of Finance for Roanoke 
County Schools. The specific objectives of this report are (a) to determine 
required reserves for historical accident periods as of March 31, 2019, 
using data evaluated as of March 31, 2019, (b) to project ultimate liabilities 
for the forecast periods 7/1/19-20 and 7/1/20-21, (c) to estimate required 
funding as of March 31, 2019, and to project funding requirements through 
the 2020/21 year; and (d) to provide estimated cash flow requirements for 
prior incurred claims and projected future claims by fiscal year.  

This report is an actuarial analysis of data, conditions, and practices 
communicated as of May 20, 2019, to Select Actuarial Services as 
described in the section entitled “Considerations.”  While Select Actuarial 
Services believes these communications to be reliable, it has not 
attempted to audit the information and cannot guarantee the accuracy of 
any information supplied. However, the data have been reviewed for 
reasonableness and consistency through comparison with the prior 
analysis. The estimates in this report are based upon appropriate actuarial 
assumptions and procedures described in the section of this report entitled 
“Analysis.”  Select Actuarial Services assumes no responsibility for any 
loss or damage that might arise from the use of or reliance upon this 
report other than for the purposes set forth herein. 

This report was prepared for the use of and is only to be relied upon by 
the School Board and the County of Roanoke County. This report also 
may be provided to the School Board's auditors, insurance brokers, and 
risk manager. No portion of the report may be provided to any other party 
without Select Actuarial Services' prior written consent. In the event such 
consent is provided, the report must be provided in its entirety. We 
recommend that any such party have its own actuary review this report to 
ensure that the party understands the assumptions and uncertainties 
inherent in our estimates. 

Mary Frances Miller is a Fellow of the Casualty Actuarial Society and Jack 
Pipa is an Associate of the Casualty Actuarial Society. Both actuaries are 
Members of the American Academy of Actuaries and meet the 
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Qualification Standards of the American Academy of Actuaries to render 
actuarial opinions for property/casualty reserves. This report is prepared in 
accordance with Actuarial Standard of Practice No. 43, Property/Casualty 
Unpaid Claim Estimates and No. 53, Estimating Future Costs for 
Prospective Property/Casualty Risk Transfer and Risk Retention. 
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Considerations 
Appropriate actuarial methods for performing a reserve evaluation and 
forecast can only be identified in light of the coverage involved, claims 
information available, and other considerations. Key considerations 
motivating the selection of techniques employed in this analysis are set 
forth below. 

School Board Self-Insurance Program 

The School Board has retained risk for its workers compensation 
exposures since July 1, 1990, with per occurrence retentions as shown in 
Table C-1. Five claims have exceeded the School Board’s retention: one 
1992/93 claim, one 1995/96 claim, one 1996/97 claim, one 2009/10 claim, 
and one 2015/16 claim. 

Table C-1 

Accident Year 
All Time per Accident 

Retention 

7/1/90 – 92 $200,000 

7/1/92 – 94 $225,000 

7/1/94 – 01 $250,000 

7/1/01 – 03 $300,000 

7/1/03 - 05 $350,000 

7/1/05 – 11 $400,000 

7/1/11 – 13 $450,000 

7/1/13 – 15 $500,000 

7/1/15 – present $200,000 
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Available Data 

Loss information was provided by Mr. Chris Carey, VACO Risk 
Management Programs, Inc. Workers compensation claims were 
administered by Trigon Administrators, Inc., through December 31, 1997, 
for claims incurred through June 30, 1996. Landin, Inc., began 
administering claims on July 1, 1996, for claims incurred after that date, 
and took over administration of prior claims on January 1, 1998. Claims for 
the 99/00 year were administered by Zurich while claims occurring during 
the 00/01 year were administered by ERC. Midwest administered claims 
for the accident years 01/02 through 03/04 until ERC once again 
administered claims for the 04/05 year. July 1, 2005, and subsequent 
claims have been handled by the Virginia Association of Counties, and the 
Virginia Association of Counties now administers all open claims for the 
prior periods. Loss data included reported and paid losses on an individual 
claim basis evaluated as of June 30, 2018, and March 31, 2019.  For the 
1992/93 through 1995/96 years, data were only available for claims that 
were open when the Virginia Association of Counties took over claim 
administration.  

Exposure information in the form of payroll was provided by Ms. Courtney 
Deeds, Roanoke County Public Schools. 

Development 

Development is defined as the change over time in certain quantities 
pertaining to a given set of incidents. As claims for a given program year 
are reported, adjusted, litigated, and ultimately paid out, the number of 
claims, along with the paid losses and case reserves on those claims, will 
change. 

Ideally, a client’s own development patterns should be utilized in order to 
reflect its unique claims reporting procedures, claims administration 
arrangements, and settlement philosophy. Because the historical losses 
are available at multiple evaluation dates, it was possible to analyze 
Roanoke County’s own development experience. County and School 
Board workers compensation losses have been combined in order to 
increase the volume of data upon which development selections are 
made. To improve the stability of the estimates, factors based on Virginia 
Association of Counties statistics are also given weight in the selection of 
development factors. The selected development patterns are shown in 
Appendix A.  
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Trends and External Influences 

Trends are defined as changes over time in underlying claims costs. 
Trend factors are used to adjust losses and payrolls from past years to the 
level at which they would have been, had they occurred during a future 
period. This is vital since historical losses may have occurred in a different 
environment in terms of both monetary inflation and benefit levels. In this 
analysis, trends have been measured by examining changes in the 
Employment Cost Index for civilian workers as compiled by the U.S. 
Department of Labor and U.S. Claims Cost Indices as compiled by Jeremy 
P. Pecora, FCAS, and published by Willis Towers Watson. 

Loss Models 

Statistical distributions are often used by the insurance industry to model 
the loss generating process. In this analysis, the lognormal probability 
distribution has been used to model limited ultimate losses. This technique 
allows for the projection of ultimate losses at various confidence levels or 
percentiles. The variation estimated in this modeling technique is the 
variation inherent in the historical experience; it does not include potential 
variation due to unanticipated changes in the environment or to 
misestimation of parameters. 

For the period beginning July 1, 2019, aggregate small losses for the 
forecast period are modeled by the lognormal probability distribution. 
Large claim frequencies are modeled by a Poisson distribution. The 
inverse Weibull distribution is used to model large claim severities. 

Actuarial Central Estimate 

The estimates of ultimate losses at the “expected” or “selected” level in 
this analysis are actuarial central estimates - estimates that represent an 
expected value over the range of reasonably possible outcomes. Such 
range of reasonably possible outcomes may not include all conceivable 
outcomes. For example, it would not include conceivable extreme events 
where the contribution of such events to an expected value estimate is not 
reliably measurable. 

Subrogation and Recoveries 

Subrogation and recoveries are reflected in the primary loss reports. 
Recoveries were infrequent, and did not provide a basis for estimating 
potential recoveries over and above those reflected in the loss runs. 
Accordingly, no explicit reductions for collateral sources have been 
incorporated into the estimates. 
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Analysis 
Actuarial procedures employed to project ultimate and outstanding losses 
consist of a number of steps, and can be summarized as follows: 

 Combined County and School Board paid and reported loss 
development patterns for workers compensation are analyzed and 
supplemented by Virginia Association of Counties experience to 
estimate future development on past accident periods through 
March 31, 2019. 

 Losses for past years are adjusted by trend factors and related to 
the level of their underlying exposures to derive ultimate adjusted 
pure premiums. 

 The historical pure premiums are used to determine a forecast pure 
premium and forecast ultimate losses for the upcoming periods. 

 Paid losses are deducted from ultimate losses to derive estimated 
outstanding losses, which are then discounted to reflect anticipated 
investment income. 

Exhibits representing the various steps in the process are explained in this 
section of the report. 

Exhibit I 

Exhibit I displays a summary of the historical reported claims information 
as of the most recent evaluation date. Paid losses, reported losses, claim 
counts, and exposures (payroll) are displayed for each accident year. 

Exhibit II 

Exhibit II-A displays a listing of claims which exceed $50,000. Exhibit II-B 
calculates paid and reported losses with individual occurrences limited to 
the applicable retention. 
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Exhibit III 

Exhibit III shows the estimation of ultimate losses less than $100,000 
trended to the 2019/20 accident year level. Historical losses are 
developed to ultimate using the loss development factors derived in 
Appendix A. Losses in Exhibit III are also trended to reflect the increase in 
claim costs to the mid-point of the forecast year. Appendix B presents the 
derivation of trend factors utilized in this analysis. 

Exhibit IV 

In Exhibit IV, adjusted ultimate losses less than $100,000 from prior years 
are restated on a common basis: that is, per adjusted unit exposure, or as 
pure premiums. These pure premiums provide a basis of comparison 
across accident years since all experience has been adjusted to an 
ultimate, common inflationary, per exposure level. Then a pure premium 
that best represents the 2019/20 forecast year is selected. This selected 
pure premium is multiplied by the forecast period's exposures to derive an 
estimate of the projected ultimate losses less than $100,000 for the 
2019/20 accident year. 

Exhibit V 

This exhibit summarizes the calculation of the expected number of large 
claims for each of the forecast periods. The numbers of claims exceeding 
$100,000 are developed to ultimate and related to the applicable level of 
exposure to derive frequency rates. A frequency rate based on the 
observed historical frequencies is selected and applied to the projected 
exposure for 2019/20 to derive the forecast number of large claims. 

Exhibit VI 

On this exhibit the forecast number of large claims is multiplied by the 
large claims severity to determine the forecast losses for claims over 
$100,000 limited to the forecast per occurrence retention level. The large 
claim severity is based on fitting the claims in Exhibit II to a loss severity 
distribution. The large claim forecast is then combined with the forecast 
losses for claims less than $100,000 from Exhibit IV to determine the 
ground-up loss forecast for 2019/20. The resulting 2019/20 loss rate is 
adjusted for trend to the level of the 2017/18, 2018/19, and 2020/21 years 
and multiplied by appropriate exposures to obtain estimates of ultimate 
forecast losses for those years as well. 
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Exhibit VII 

The distribution given on this exhibit provides a measure of the variability 
or risk underlying the forecasts. The results displayed are derived based 
on statistical modeling of each of the components of the loss forecast. 
Suitable distributions were selected as best fits, and these distributions 
were then combined to derive the forecast losses at various percentiles or 
confidence levels. The variation estimated in this modeling technique is 
the variation inherent in the historical experience; it does not include 
potential variation due to unanticipated changes in the environment or to 
misestimation of parameters. 

Exhibit VIII 

Exhibit VIII shows the estimation of ultimate losses using the loss 
development methods. Losses are projected by accident year by using 
both reported and paid loss development methods, taking per occurrence 
retentions into account. 

The methods are based on reported and paid losses as of 
March 31, 2019, and the development factors derived in Appendix A. 
Large losses are first deducted from the total. The result is then developed 
to ultimate and a provision for the large losses is added back to this 
ultimate. 

Exhibit IX 

Exhibit IX estimates ultimate losses using the paid and reported 
Bornhuetter/Ferguson techniques. These methods, also referred to as the 
estimated unpaid and estimated unreported methods, combine the prior 
estimate of ultimate losses for each year with current paid and reported 
losses to produce a blended estimate which places less emphasis on the 
most recent changes in the loss data. 

Exhibit X 

In Exhibit X, the results of the various techniques for estimating ultimate 
losses are summarized, and selections are made based upon the 
consistency of the results with one another and with losses reported to 
date. 

Exhibit XI 

Claim frequencies, shown in Exhibit XI, Page 1, are calculated by 
developing reported claims to ultimate and relating them to their 
underlying exposures.  
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Average claim size is shown in Exhibit XI, Page 2. This is the ratio of 
selected ultimate losses and ultimate claim counts. Cost per $100 payroll 
is also shown. 

Exhibit XII 

Outstanding losses as of March 31, 2019, are estimated in Exhibit XII, 
Page 1. Outstanding losses are the difference between estimated ultimate 
losses and losses paid for each period. Similarly, unreported (IBNR) 
losses are the difference between estimated ultimate losses and losses 
reported to date. The estimated outstanding losses are also provided on a 
discounted basis at a rate of 2.5% using discount factors derived in 
Appendix D. This exhibit also shows the limited data available for the 
1992/93 through 1995/96 periods. All claims are closed in these years and 
we have not provided any IBNR for claims occurring in periods 1995/96 
and prior. 

Page 2 shows estimated outstanding losses at various percentiles of the 
aggregate distribution for accident periods 1996/97 through 
March 31, 2019. The aggregate distribution of these years is based on the 
observed variation in prior years’ development for combined County and 
School Board workers compensation. 

Exhibit XIII 

Page 1 projects loss payments during the remainder of the 2018/19 year 
and the following ten fiscal years. Projected payments are based on the 
outstanding and forecast losses as of March 31, 2019, along with the paid 
loss development patterns used throughout the analysis.  

Page 2 shows projected paid losses at different percentiles of the 
aggregate distribution for accident years 1996/97 through 2019/20. 

Exhibit XIV 

Exhibit XIV compares the results of this analysis with those of the previous 
analysis, as of December 31, 2016. Using loss and development 
information available as of the previous report’s evaluation, the expected 
paid and reported losses as of the latest evaluation are calculated. These 
estimated amounts are compared to the actual paid and reported losses 
as of the latest evaluation, to determine if the loss experience has 
developed as expected. Also included on this exhibit is a comparison of 
the ultimate losses for each analysis. 
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Exhibit XV 

Exhibit XV shows the required funding as of March 31, 2019, 
June 30, 2019, and June 30, 2020, if funding is set at the expected level. 
Required funding is based on the estimated outstanding and forecast 
losses, the estimated payments over the next 15 months, and the desired 
risk margin. 
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Exhibits: Workers Compensation - Schools 
The “Analysis” section of this report presents a discussion of the following 
exhibits: 

Exhibit I Summary of Experience

Exhibit II Summary of Claims Over $50,000

Exhibit III Estimation of Ultimate Small Losses at 7/1/19-20 Cost Level

Exhibit IV Calculation of Forecast Small Losses

Exhibit V Calculation of Forecast Number of Large Losses

Exhibit VI Calculation of Forecast Losses

Exhibit VII Forecast Losses at Various Confidence Levels

Exhibit VIII Estimation of Ultimate Losses: Loss Development Methods

Exhibit IX Estimation of Ultimate Losses: Bornhuetter/Ferguson Methods

Exhibit X Selection of Ultimate Limited Loss Estimates

Exhibit XI 
Estimated Ultimate Claims

Estimation of Claim Severities

Exhibit XII 
Calculation of Required Reserves

Estimated Outstanding Losses at Various Confidence Levels

Exhibit XIII 
Projection of Loss Payments Over the Next Ten Years

Projected Payment Pattern at Various Confidence Levels

Exhibit XIV Comparison of Results: Current to Prior Estimates

Exhibit XV Required Funding
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Roanoke County School Board Exhibit I

Workers Compensation

(B) (C) (D) (E) (F) (G) (H) (I)
Gross Net Net Exposure

Evaluation Maturity Reported Paid Paid Reported (Payroll -
Begin End Date (months) Claims Losses Collections Losses Losses Thousands)**

7/1/1992 6/30/1993 3/31/2019 321 3 $318,237 $0 $318,237 $318,237

7/1/1993 6/30/1994 3/31/2019 309 3 $2,499 $0 $2,499 $2,499

7/1/1994 6/30/1995 3/31/2019 297 3 $4,025 $0 $4,025 $4,025

7/1/1995 6/30/1996 3/31/2019 285 3 $299,678 $0 $299,678 $299,678

7/1/1996 6/30/1997 3/31/2019 273 92 $508,849 $0 $508,849 $508,849 $60,323

7/1/1997 6/30/1998 3/31/2019 261 106 $184,764 $0 $184,764 $184,764 $62,310

7/1/1998 6/30/1999 3/31/2019 249 79 $178,521 $503 $178,018 $178,018 $64,210

7/1/1999 6/30/2000 3/31/2019 237 82 $165,594 $0 $165,594 $165,594 $66,464

7/1/2000 6/30/2001 3/31/2019 225 54 $43,290 $0 $43,290 $43,290 $69,320

7/1/2001 6/30/2002 3/31/2019 213 61 $93,990 $0 $93,990 $93,990 $72,786

7/1/2002 6/30/2003 3/31/2019 201 82 $310,984 $0 $310,984 $310,984 $75,938

7/1/2003 6/30/2004 3/31/2019 189 92 $375,431 $0 $375,431 $384,555 $78,977

7/1/2004 6/30/2005 3/31/2019 177 88 $173,970 $0 $173,970 $173,970 $81,784

7/1/2005 6/30/2006 3/31/2019 165 74 $181,521 $3,984 $177,537 $177,537 $83,214

7/1/2006 6/30/2007 3/31/2019 153 78 $456,775 $1,682 $455,093 $455,093 $84,840

7/1/2007 6/30/2008 3/31/2019 141 96 $221,909 $75 $221,834 $221,834 $87,505

7/1/2008 6/30/2009 3/31/2019 129 73 $157,877 $7,559 $150,318 $152,136 $92,179

7/1/2009 6/30/2010 3/31/2019 117 68 $907,176 $660 $906,516 $906,516 $88,971

7/1/2010 6/30/2011 3/31/2019 105 67 $442,245 $1,848 $440,397 $440,397 $91,871

7/1/2011 6/30/2012 3/31/2019 93 84 $229,847 $3,085 $226,762 $233,380 $84,608

7/1/2012 6/30/2013 3/31/2019 81 87 $177,812 $2,865 $174,947 $174,947 $88,204

7/1/2013 6/30/2014 3/31/2019 69 97 $441,357 $1,756 $439,601 $439,601 $86,549

7/1/2014 6/30/2015 3/31/2019 57 80 $214,426 $2,279 $212,147 $212,147 $86,678

7/1/2015 6/30/2016 3/31/2019 45 90 $483,227 $2,099 $481,128 $512,203 $86,981

7/1/2016 6/30/2017 3/31/2019 33 79 $185,209 $948 $184,261 $210,448 $90,847

7/1/2017 6/30/2018 3/31/2019 21 81 $167,665 $1,051 $166,615 $186,043 $92,067

7/1/2018 6/30/2019 3/31/2019 9 61 $28,868 $0 $28,868 $77,545 $93,908

7/1/2019 6/30/2020 3/31/2019 $97,195

7/1/2020 6/30/2021 3/31/2019 $98,653

Total 1,863 $6,955,745 $30,394 $6,925,351 $7,068,281 $2,066,381

*  Loss and exposure information supplied by Roanoke County; loss data incomplete for 1995/96 and prior
** Projected for 2018/19, 2019/20 and 2020/21 

Summary of Experience*

(A)

Period

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Exhibit II-A

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H) (I)

Net Net Severity Trend Trended
Claim Accident Paid Reported Historical Development Developed Factor Developed

Number Date Losses Losses Retention Factor Losses to 7/1/19-20 Losses

224-34-4712 4/7/1993 $78,873 $78,873 $225,000 1.002 $79,050 2.750 $217,410

226-66-5445 4/29/1993 $239,217 $239,217 $225,000 1.002 $239,754 2.750 $659,393

WC077C014754 9/27/1995 $299,678 $299,678 $250,000 1.003 $300,610 2.528 $759,830

231-78-4016 4/7/1997 $280,970 $280,970 $250,000 1.003 $281,952 2.435 $686,691

228-86-1302 4/10/1997 $143,373 $143,373 $250,000 1.003 $143,874 2.435 $350,403

364-60-6818 11/13/1997 $57,896 $57,896 $250,000 1.004 $58,124 2.341 $136,072

WC077C014482 3/29/1999 $127,712 $127,712 $250,000 1.004 $128,283 2.251 $288,711

229-54-7525 11/13/1999 $69,636 $69,636 $250,000 1.005 $69,992 2.155 $150,852

WC077C014287 2/20/2003 $196,741 $196,741 $300,000 1.008 $198,290 1.882 $373,129

WC077C014971 11/7/2003 $246,853 $255,977 $350,000 1.009 $258,342 1.786 $461,427

WC077C014924 2/11/2004 $62,403 $62,403 $350,000 1.009 $62,980 1.786 $112,488

WC077C014280 7/19/2004 $122,073 $122,073 $350,000 1.011 $123,408 1.697 $209,439

WC077C022074 1/16/2007 $357,453 $357,453 $400,000 1.016 $363,097 1.566 $568,573

WC077C026726 9/28/2007 $64,365 $64,365 $400,000 1.019 $65,609 1.529 $100,294

WC077C041986 12/3/2009 $719,035 $719,035 $400,000 1.030 $740,812 1.387 $1,027,309

WC077C047054 8/3/2010 $126,090 $126,090 $400,000 1.039 $131,004 1.336 $175,019

WC077C050369 12/26/2010 $110,582 $110,582 $400,000 1.039 $114,892 1.336 $153,493

WC077C062028 5/2/2012 $52,303 $52,303 $450,000 1.051 $54,987 1.294 $71,150

WC077C069777 4/12/2013 $71,465 $71,465 $450,000 1.069 $76,431 1.259 $96,238

WC077C088093 11/15/2013 $80,120 $80,120 $500,000 1.097 $87,911 1.223 $107,497

WC077C100234 1/13/2014 $82,398 $82,398 $500,000 1.097 $90,409 1.223 $110,552

WC077C101043 2/11/2014 $60,210 $60,210 $500,000 1.097 $66,064 1.223 $80,783

WC077C101991 3/5/2014 $51,216 $51,216 $500,000 1.097 $56,195 1.223 $68,716

WC077C107274 7/9/2014 $56,012 $56,012 $500,000 1.142 $63,958 1.184 $75,709

WC077C118761 1/9/2015 $59,717 $59,717 $500,000 1.142 $68,189 1.184 $80,718

WC077C144455 8/11/2015 $295,974 $326,169 $200,000 1.218 $397,434 1.140 $452,962

WC077C163686 8/19/2016 $71,443 $71,443 $200,000 1.361 $97,250 1.095 $106,518

WC077C190216 6/5/2017 $23,963 $50,150 $200,000 1.361 $68,265 1.095 $74,771

WC077C198480 10/31/2017 $64,138 $75,150 $200,000 1.656 $124,429 1.063 $132,295

Columns (A) through (E):  Provided by Roanoke County
Column (F) = RLDF/CCDF
Column (G) = (D) * (F)
Column (H):  Appendix B
Column (I) = (G) * (H)

Summary of Claims over $50,000

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Exhibit II-B

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)
Per Occurrence Net Net Excess Excess Limited Limited

Accident Occurrence Paid Reported Paid Reported Paid Reported
Period Retention Losses Losses Losses Losses Losses Losses

7/1/92-93 $225,000 $318,237 $318,237 $14,217 $14,217 $304,020 $304,020

7/1/93-94 $225,000 $2,499 $2,499 $0 $0 $2,499 $2,499

7/1/94-95 $250,000 $4,025 $4,025 $0 $0 $4,025 $4,025

7/1/95-96 $250,000 $299,678 $299,678 $49,678 $49,678 $250,000 $250,000

7/1/96-97 $250,000 $508,849 $508,849 $30,970 $30,970 $477,879 $477,879

7/1/97-98 $250,000 $184,764 $184,764 $0 $0 $184,764 $184,764

7/1/98-99 $250,000 $178,018 $178,018 $0 $0 $178,018 $178,018

7/1/99-00 $250,000 $165,594 $165,594 $0 $0 $165,594 $165,594

7/1/00-01 $250,000 $43,290 $43,290 $0 $0 $43,290 $43,290

7/1/01-02 $300,000 $93,990 $93,990 $0 $0 $93,990 $93,990

7/1/02-03 $300,000 $310,984 $310,984 $0 $0 $310,984 $310,984

7/1/03-04 $350,000 $375,431 $384,555 $0 $0 $375,431 $384,555

7/1/04-05 $350,000 $173,970 $173,970 $0 $0 $173,970 $173,970

7/1/05-06 $400,000 $177,537 $177,537 $0 $0 $177,537 $177,537

7/1/06-07 $400,000 $455,093 $455,093 $0 $0 $455,093 $455,093

7/1/07-08 $400,000 $221,834 $221,834 $0 $0 $221,834 $221,834

7/1/08-09 $400,000 $150,318 $152,136 $0 $0 $150,318 $152,136

7/1/09-10 $400,000 $906,516 $906,516 $319,035 $319,035 $587,481 $587,481

7/1/10-11 $400,000 $440,397 $440,397 $0 $0 $440,397 $440,397

7/1/11-12 $450,000 $226,762 $233,380 $0 $0 $226,762 $233,380

7/1/12-13 $450,000 $174,947 $174,947 $0 $0 $174,947 $174,947

7/1/13-14 $500,000 $439,601 $439,601 $0 $0 $439,601 $439,601

7/1/14-15 $500,000 $212,147 $212,147 $0 $0 $212,147 $212,147

7/1/15-16 $200,000 $481,128 $512,203 $95,974 $126,169 $385,154 $386,035

7/1/16-17 $200,000 $184,261 $210,448 $0 $0 $184,261 $210,448

7/1/17-18 $200,000 $166,615 $186,043 $0 $0 $166,615 $186,043

7/1/18-19 $200,000 $28,868 $77,545 $0 $0 $28,868 $77,545

Total $8,600,000 $6,925,351 $7,068,281 $509,874 $540,069 $6,415,477 $6,528,211

* Loss data incomplete for 1995/96 and prior

Column (B):  Provided by Roanoke County
Columns (C), (D):  Exhibit I
Columns (E), (F):  Calculated from Exhibit II-A
Column (G) = (C) - (E)
Column (H) = (D) - (F)

Limited Paid and Reported Losses*
As of March 31, 2019

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Exhibit III

Workers Compensation

(A) (B) (C) (D) (E) (F) (G)
Net Reported Reported Reported Trend Ultimate

Accident Reported on Large on Small Develop. Factor to on Small
Period Losses Claims Claims Factor 7/1/19-20 Claims

7/1/96-97 $508,849 $424,343 $84,506 1.003 2.435 $207,000

7/1/97-98 $184,764 $57,896 $126,868 1.004 2.341 $298,000

7/1/98-99 $178,018 $127,712 $50,306 1.004 2.251 $114,000

7/1/99-00 $165,594 $69,636 $95,958 1.005 2.155 $208,000

7/1/00-01 $43,290 $0 $43,290 1.006 2.067 $90,000

7/1/01-02 $93,990 $0 $93,990 1.007 1.980 $187,000

7/1/02-03 $310,984 $196,741 $114,243 1.008 1.882 $217,000

7/1/03-04 $384,555 $318,380 $66,175 1.009 1.786 $119,000

7/1/04-05 $173,970 $122,073 $51,897 1.011 1.697 $89,000

7/1/05-06 $177,537 $0 $177,537 1.013 1.618 $291,000

7/1/06-07 $455,093 $357,453 $97,639 1.016 1.566 $155,000

7/1/07-08 $221,834 $64,365 $157,469 1.019 1.529 $245,000

7/1/08-09 $152,136 $0 $152,136 1.024 1.460 $227,000

7/1/09-10 $906,516 $719,035 $187,481 1.030 1.387 $268,000

7/1/10-11 $440,397 $236,672 $203,725 1.039 1.336 $283,000

7/1/11-12 $233,380 $0 $233,380 1.051 1.294 $317,000

7/1/12-13 $174,947 $0 $174,947 1.070 1.259 $236,000

7/1/13-14 $439,601 $162,518 $277,083 1.097 1.223 $372,000

7/1/14-15 $212,147 $0 $212,147 1.142 1.184 $287,000

7/1/15-16 $512,203 $326,169 $186,035 1.219 1.140 $258,000

7/1/16-17 $210,448 $71,443 $139,005 1.363 1.095 $207,000

7/1/17-18 $186,043 $75,150 $110,893 1.664 1.063 $196,000

Total $6,366,296 $3,329,587 $3,036,709 $4,871,000

(H) (I) (J) (K) (L) (M) (N)
Net Paid Paid Paid Trend Ultimate

Accident Paid on Large on Small Develop. Factor to on Small
Period Losses Claims Claims Factor 7/1/19-20 Claims

7/1/96-97 $508,849 $424,343 $84,506 1.020 2.435 $210,000

7/1/97-98 $184,764 $57,896 $126,868 1.021 2.341 $303,000

7/1/98-99 $178,018 $127,712 $50,306 1.023 2.251 $116,000

7/1/99-00 $165,594 $69,636 $95,958 1.025 2.155 $212,000

7/1/00-01 $43,290 $0 $43,290 1.028 2.067 $92,000

7/1/01-02 $93,990 $0 $93,990 1.031 1.980 $192,000

7/1/02-03 $310,984 $196,741 $114,243 1.034 1.882 $222,000

7/1/03-04 $375,431 $309,256 $66,175 1.038 1.786 $123,000

7/1/04-05 $173,970 $122,073 $51,897 1.042 1.697 $92,000

7/1/05-06 $177,537 $0 $177,537 1.047 1.618 $301,000

7/1/06-07 $455,093 $357,453 $97,639 1.054 1.566 $161,000

7/1/07-08 $221,834 $64,365 $157,469 1.062 1.529 $256,000

7/1/08-09 $150,318 $0 $150,318 1.072 1.460 $235,000

7/1/09-10 $906,516 $719,035 $187,481 1.086 1.387 $282,000

7/1/10-11 $440,397 $236,672 $203,725 1.103 1.336 $300,000

7/1/11-12 $226,762 $0 $226,762 1.126 1.294 $330,000

7/1/12-13 $174,947 $0 $174,947 1.159 1.259 $255,000

7/1/13-14 $439,601 $162,518 $277,083 1.207 1.223 $409,000

7/1/14-15 $212,147 $0 $212,147 1.284 1.184 $322,000

7/1/15-16 $481,128 $295,974 $185,154 1.415 1.140 $299,000

7/1/16-17 $184,261 $71,443 $112,818 1.674 1.095 $207,000

7/1/17-18 $166,615 $64,138 $102,477 2.314 1.063 $252,000

Total $6,272,045 $3,279,256 $2,992,789 $5,171,000

Columns (B), (I):  Exhibit I Column (G) = (D) * (E) * (F)
Columns (C), (J):  Exhibit II-A Column (K) = (I) - (J)
Column (D) = (B) - (C) Column (L):  Appendix A4
Column (E):  Appendix A2 Column (N) = (K) * (L) * (M)
Columns (F), (M):  Appendix B

Estimation of Ultimate Losses Less Than $100,000
At the 2019-20 Loss Level
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Roanoke County School Board Exhibit IV

Workers Compensation

(A) (B) (C) (D) (E) (F)
Trended Exposure

Accident Ultimate Exposure Trend Trended Pure
Period Losses (Thousands) Factors Exposures Premium

7/1/01-02 $190,000 $72,786 1.464 $106,547 $1.78

7/1/02-03 $220,000 $75,938 1.422 $108,007 $2.04

7/1/03-04 $121,000 $78,977 1.389 $109,687 $1.10

7/1/04-05 $91,000 $81,784 1.357 $110,976 $0.82

7/1/05-06 $296,000 $83,214 1.318 $109,706 $2.70

7/1/06-07 $158,000 $84,840 1.274 $108,115 $1.46

7/1/07-08 $251,000 $87,505 1.231 $107,745 $2.33

7/1/08-09 $231,000 $92,179 1.197 $110,313 $2.09

7/1/09-10 $275,000 $88,971 1.175 $104,510 $2.63

7/1/10-11 $292,000 $91,871 1.161 $106,626 $2.74

7/1/11-12 $324,000 $84,608 1.148 $97,151 $3.34

7/1/12-13 $246,000 $88,204 1.136 $100,235 $2.45

7/1/13-14 $391,000 $86,549 1.123 $97,164 $4.02

7/1/14-15 $305,000 $86,678 1.104 $95,732 $3.19

7/1/15-16 $279,000 $86,981 1.084 $94,303 $2.96

7/1/16-17 $207,000 $90,847 1.063 $96,564 $2.14

7/1/17-18 $224,000 $92,067 1.041 $95,837 $2.34

Total $4,101,000 $1,453,999 $1,759,219 $2.33

7/1/19-20

Selected Pure Premium $2.85

{ Wtd Avg of 12-13 through 17-18 }

Forecast Exposure $97,195

Forecast Small Losses $277,000

Column (B) = Average of (G) and (N) from Exhibit III
Column (C):  Exhibit I
Column (D):  Appendix C
Column (E) = (C) x (D)
Column (F) = (B) / (E)

Calculation of Forecast Losses Less Than $100,000

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Exhibit V

Workers Compensation

(A) (B) (C) (D) (E) (F)
Claim Estimated

Accident Number Development Ultimate Trended
Period of Claims Factor Claims Exposure Frequency

7/1/01-02 0 1.000 0.0 $106,547 0.000

7/1/02-03 1 1.000 1.0 $108,007 0.009

7/1/03-04 2 1.000 2.0 $109,687 0.018

7/1/04-05 1 1.000 1.0 $110,976 0.009

7/1/05-06 0 1.000 0.0 $109,706 0.000

7/1/06-07 1 1.000 1.0 $108,115 0.009

7/1/07-08 1 1.000 1.0 $107,745 0.009

7/1/08-09 0 1.000 0.0 $110,313 0.000

7/1/09-10 1 1.000 1.0 $104,510 0.010

7/1/10-11 2 1.000 2.0 $106,626 0.019

7/1/11-12 0 1.000 0.0 $97,151 0.000

7/1/12-13 0 1.000 0.0 $100,235 0.000

7/1/13-14 2 1.000 2.0 $97,164 0.021

7/1/14-15 0 1.000 0.0 $95,732 0.000

7/1/15-16 1 1.000 1.0 $94,303 0.011

7/1/16-17 1 1.001 1.0 $96,564 0.010

7/1/17-18 1 1.005 1.0 $95,837 0.010

Total 14 14.0 $1,759,219 0.008

7/1/19-20

Selected Frequency 0.008

{ Wtd Avg of All Years }

Exposure $97,195

Forecast Number of Large Losses 0.8

Column (B):  Claims from Exhibit II-A
Column (C):  Appendix A6
Column (D) = (B) * (C)
Column (E):  Exhibit IV
Column (F) = (D) / (E) * 1,000

Forecast Number of Large Losses Over $100,000

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Exhibit VI

Workers Compensation

7/1/17-18 7/1/18-19 7/1/19-20 7/1/20-21

(1) Forecast Losses less than $100,000: $277,000

          { Exhibit IV }

(2) Expected Number of Losses over $100,000: 0.77

          { Exhibit V }

(3) Expected Severity of Losses over $100,000 Limited to $200,000: $180,000

          { Derived from Losses in Exhibit II-A }

(4) Forecast Losses Limited to $200,000: $386,000 $397,000 $416,000 $428,000

          { Line(1) + Line(2) * Line(3) for 7/1/19-20;
            Line(5) * Line(6) for 7/1/17-18, 7/1/18-19, and 7/1/20-21 }

(5) Forecast Exposure $92,067 $93,908 $97,195 $98,653

          { Exhibit I }

(6) Forecast Loss Rate $4.19 $4.23 $4.28 $4.33

          { Line(4) / Line(5) for 7/1/19-20; 7/1/19-20 rate adjusted
            for trend for 7/1/17-18, 7/1/18-19, and 7/1/20-21 }

Calculation of Forecast Losses for 2017-18 through 2020-21
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Roanoke County School Board Exhibit VII

Workers Compensation

(A) (B) (C)
Probability Probability

That Losses Estimated That Losses
Will Be 7/1/19-20 Will Be

Less Than Ultimate Greater
Or Equal to Limited Than
Column (B) Losses Column (B)

50% $388,000 50%

55% $412,000 45%

60% $440,000 40%

65% $467,000 35%

70% $500,000 30%

75% $534,000 25%

80% $577,000 20%

85% $626,000 15%

90% $694,000 10%

95% $795,000 5%

56% $416,000 44%

Discounted at 2.5%

$383,000

- Based on Lognormal Distribution for Small Losses,
  Inverse Weibull Distribution for Large Loss Severity 
  and Poisson Distribution for Large Loss Frequency

For the Forecast Accident Period
Aggregate Loss Distribution

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Exhibit VIII

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)
Net Reported Reported Reported Ultimate Provision Estimated

Accident Reported on Large on Small Develop. on Small for Large Ultimate
Period Losses Claims Claims Factor Claims Claims Losses

7/1/96-97 $508,849 $280,970 $227,879 1.003 $229,000 $250,000 $479,000

7/1/97-98 $184,764 $0 $184,764 1.004 $185,000 $0 $185,000

7/1/98-99 $178,018 $0 $178,018 1.004 $179,000 $0 $179,000

7/1/99-00 $165,594 $0 $165,594 1.005 $166,000 $0 $166,000

7/1/00-01 $43,290 $0 $43,290 1.006 $44,000 $0 $44,000

7/1/01-02 $93,990 $0 $93,990 1.007 $95,000 $0 $95,000

7/1/02-03 $310,984 $0 $310,984 1.008 $313,000 $0 $313,000

7/1/03-04 $384,555 $0 $384,555 1.009 $388,000 $0 $388,000

7/1/04-05 $173,970 $0 $173,970 1.011 $176,000 $0 $176,000

7/1/05-06 $177,537 $0 $177,537 1.013 $180,000 $0 $180,000

7/1/06-07 $455,093 $0 $455,093 1.016 $462,000 $0 $462,000

7/1/07-08 $221,834 $0 $221,834 1.019 $226,000 $0 $226,000

7/1/08-09 $152,136 $0 $152,136 1.024 $156,000 $0 $156,000

7/1/09-10 $906,516 $719,035 $187,481 1.030 $193,000 $400,005 $593,000

7/1/10-11 $440,397 $0 $440,397 1.039 $458,000 $0 $458,000

7/1/11-12 $233,380 $0 $233,380 1.051 $245,000 $0 $245,000

7/1/12-13 $174,947 $0 $174,947 1.070 $187,000 $0 $187,000

7/1/13-14 $439,601 $0 $439,601 1.097 $482,000 $0 $482,000

7/1/14-15 $212,147 $0 $212,147 1.142 $242,000 $0 $242,000

7/1/15-16 $512,203 $326,169 $186,035 1.219 $227,000 $200,072 $427,000

7/1/16-17 $210,448 $0 $210,448 1.363 $287,000 $0 $287,000

7/1/17-18 $186,043 $0 $186,043 1.664 $310,000 $0 $310,000

Total $6,366,296 $1,326,174 $5,040,122 $5,430,000 $850,078 $6,280,000

(I) (J) (K) (L) (M) (N) (O) (P)
Net Paid Paid Paid Ultimate Provision Estimated

Accident Paid on Large on Small Develop. on Small for Large Ultimate
Period Losses Claims Claims Factor Claims Claims Losses

7/1/96-97 $508,849 $280,970 $227,879 1.020 $232,000 $250,000 $482,000

7/1/97-98 $184,764 $0 $184,764 1.021 $189,000 $0 $189,000

7/1/98-99 $178,018 $0 $178,018 1.023 $182,000 $0 $182,000

7/1/99-00 $165,594 $0 $165,594 1.025 $170,000 $0 $170,000

7/1/00-01 $43,290 $0 $43,290 1.028 $44,000 $0 $44,000

7/1/01-02 $93,990 $0 $93,990 1.031 $97,000 $0 $97,000

7/1/02-03 $310,984 $0 $310,984 1.034 $321,000 $0 $321,000

7/1/03-04 $375,431 $0 $375,431 1.038 $390,000 $0 $390,000

7/1/04-05 $173,970 $0 $173,970 1.042 $181,000 $0 $181,000

7/1/05-06 $177,537 $0 $177,537 1.047 $186,000 $0 $186,000

7/1/06-07 $455,093 $0 $455,093 1.054 $480,000 $0 $480,000

7/1/07-08 $221,834 $0 $221,834 1.062 $236,000 $0 $236,000

7/1/08-09 $150,318 $0 $150,318 1.072 $161,000 $0 $161,000

7/1/09-10 $906,516 $719,035 $187,481 1.086 $204,000 $400,005 $604,000

7/1/10-11 $440,397 $0 $440,397 1.103 $486,000 $0 $486,000

7/1/11-12 $226,762 $0 $226,762 1.126 $255,000 $0 $255,000

7/1/12-13 $174,947 $0 $174,947 1.159 $203,000 $0 $203,000

7/1/13-14 $439,601 $0 $439,601 1.207 $531,000 $0 $531,000

7/1/14-15 $212,147 $0 $212,147 1.284 $272,000 $0 $272,000

7/1/15-16 $481,128 $295,974 $185,154 1.415 $262,000 $200,072 $462,000

7/1/16-17 $184,261 $0 $184,261 1.674 $308,000 $0 $308,000

7/1/17-18 $166,615 $0 $166,615 2.314 $385,000 $0 $385,000

Total $6,272,045 $1,295,979 $4,976,066 $5,775,000 $850,078 $6,625,000

Colums (B), (J):  Exhibit I Column (H) = (F) + (G)
Columns (C), (K):  Exhibit II-A Column (L) = (J) - (K)
Column (D) = (B) - (C) Column (M):  Appendix A4
Column (E):  Appendix A2 Column (N) = (L) x (M)
Column (F) = (D) x (E) Column (P) = (N) + (O)
Columns (G), (O):  Claim count in (C) x CCDF x Specific Retention

Estimation of Limited Ultimate Losses
Using Loss Development Method
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Roanoke County School Board Exhibit IX

Workers Compensation

(A) (B) (C) (D) (E) (F) (G)
Limited

Previous Reported
Estimate or Estimated Estimated Losses Estimated

Accident Forecast Reported Percent IBNR as of Ultimate
Period Losses LDF Unreported Losses 3/31/2019 Losses

7/1/96-97 $477,879 1.003 0% $2,000 $477,879 $480,000

7/1/97-98 $184,764 1.004 0% $1,000 $184,764 $186,000

7/1/98-99 $188,000 1.004 0% $1,000 $178,018 $179,000

7/1/99-00 $165,594 1.005 1% $1,000 $165,594 $167,000

7/1/00-01 $43,290 1.006 1% $0 $43,290 $43,000

7/1/01-02 $93,990 1.007 1% $1,000 $93,990 $95,000

7/1/02-03 $310,984 1.008 1% $2,000 $310,984 $313,000

7/1/03-04 $355,000 1.009 1% $3,000 $384,555 $388,000

7/1/04-05 $173,970 1.011 1% $2,000 $173,970 $176,000

7/1/05-06 $176,983 1.013 1% $2,000 $177,537 $180,000

7/1/06-07 $252,595 1.016 2% $4,000 $455,093 $459,000

7/1/07-08 $221,834 1.019 2% $4,000 $221,834 $226,000

7/1/08-09 $150,040 1.024 2% $4,000 $152,136 $156,000

7/1/09-10 $604,000 1.030 3% $18,000 $587,481 $605,000

7/1/10-11 $496,000 1.039 4% $19,000 $440,397 $459,000

7/1/11-12 $255,000 1.051 5% $12,000 $233,380 $245,000

7/1/12-13 $206,000 1.070 7% $13,000 $174,947 $188,000

7/1/13-14 $438,000 1.097 9% $39,000 $439,601 $479,000

7/1/14-15 $305,000 1.142 12% $38,000 $212,147 $250,000

7/1/15-16 $399,000 1.219 18% $72,000 $386,035 $458,000

7/1/16-17 $442,000 1.363 27% $118,000 $210,448 $328,000

7/1/17-18 $386,000 1.664 40% $154,000 $186,043 $340,000

7/1/18-19 $397,000 3.033 67% $266,000 $77,545 $344,000

Total $6,723,000 $776,000 $5,967,668 $6,744,000

(H) (I) (J) (K) (L) (M) (N)
Limited

Previous Paid
Estimate or Estimated Estimated Losses Estimated

Accident Forecast Paid Percent Unpaid as of Ultimate
Period Losses LDF Unpaid Losses 3/31/2019 Losses

7/1/96-97 $477,879 1.020 2% $9,000 $477,879 $487,000

7/1/97-98 $184,764 1.021 2% $4,000 $184,764 $189,000

7/1/98-99 $188,000 1.023 2% $4,000 $178,018 $182,000

7/1/99-00 $165,594 1.025 2% $4,000 $165,594 $170,000

7/1/00-01 $43,290 1.028 3% $1,000 $43,290 $44,000

7/1/01-02 $93,990 1.031 3% $3,000 $93,990 $97,000

7/1/02-03 $310,984 1.034 3% $10,000 $310,984 $321,000

7/1/03-04 $355,000 1.038 4% $13,000 $375,431 $388,000

7/1/04-05 $173,970 1.042 4% $7,000 $173,970 $181,000

7/1/05-06 $176,983 1.047 5% $8,000 $177,537 $186,000

7/1/06-07 $252,595 1.054 5% $13,000 $455,093 $468,000

7/1/07-08 $221,834 1.062 6% $13,000 $221,834 $235,000

7/1/08-09 $150,040 1.072 7% $10,000 $150,318 $160,000

7/1/09-10 $604,000 1.086 8% $48,000 $587,481 $635,000

7/1/10-11 $496,000 1.103 9% $46,000 $440,397 $486,000

7/1/11-12 $255,000 1.126 11% $29,000 $226,762 $256,000

7/1/12-13 $206,000 1.159 14% $28,000 $174,947 $203,000

7/1/13-14 $438,000 1.207 17% $75,000 $439,601 $515,000

7/1/14-15 $305,000 1.284 22% $67,000 $212,147 $279,000

7/1/15-16 $399,000 1.415 29% $117,000 $385,154 $502,000

7/1/16-17 $442,000 1.674 40% $178,000 $184,261 $362,000

7/1/17-18 $386,000 2.314 57% $219,000 $166,615 $386,000

7/1/18-19 $397,000 5.664 82% $327,000 $28,868 $356,000

Total $6,723,000 $1,233,000 $5,854,933 $7,088,000

Columns (B), (I):  Prior analysis; Exhibit VI for 17-18 and 18-19 Column (G) = (E) + (F)
Column (C):  Appendix A2 Column (J):  Appendix A4
Column (D) = [ 1 - 1 / (C) ] Column (K) = [ 1 - 1 / (J) ] 
Column (E) = (B) x (D) Column (L) = (I) x (K)
Columns (F), (M):  Exhibit II-B Column (N) = (L) + (M)

Estimation of Limited Ultimate Losses
Using the Bornhuetter-Ferguson Method
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Roanoke County School Board Exhibit X

Workers Compensation

(A) (B) (C) (D) (E) (F) (G)
Reported Paid Reported Paid

Prior Loss Loss Bornhuetter- Bornhuetter- Selected
Accident Estimate or Development Development Ferguson Ferguson Ultimate
Period Forecast Method Method Method Method Losses

7/1/96-97 $477,879 $479,000 $482,000 $480,000 $487,000 $477,879

7/1/97-98 $184,764 $185,000 $189,000 $186,000 $189,000 $184,764

7/1/98-99 $188,000 $179,000 $182,000 $179,000 $182,000 $178,018

7/1/99-00 $165,594 $166,000 $170,000 $167,000 $170,000 $165,594

7/1/00-01 $43,290 $44,000 $44,000 $43,000 $44,000 $43,290

7/1/01-02 $93,990 $95,000 $97,000 $95,000 $97,000 $93,990

7/1/02-03 $310,984 $313,000 $321,000 $313,000 $321,000 $310,984

7/1/03-04 $355,000 $388,000 $390,000 $388,000 $388,000 $388,000

7/1/04-05 $173,970 $176,000 $181,000 $176,000 $181,000 $173,970

7/1/05-06 $176,983 $180,000 $186,000 $180,000 $186,000 $177,537

7/1/06-07 $252,595 $462,000 $480,000 $459,000 $468,000 $455,093

7/1/07-08 $221,834 $226,000 $236,000 $226,000 $235,000 $221,834

7/1/08-09 $150,040 $156,000 $161,000 $156,000 $160,000 $156,000

7/1/09-10 $604,000 $593,000 $604,000 $605,000 $635,000 $593,000

7/1/10-11 $496,000 $458,000 $486,000 $459,000 $486,000 $458,000

7/1/11-12 $255,000 $245,000 $255,000 $245,000 $256,000 $245,000

7/1/12-13 $206,000 $187,000 $203,000 $188,000 $203,000 $187,000

7/1/13-14 $438,000 $482,000 $531,000 $479,000 $515,000 $481,000

7/1/14-15 $305,000 $242,000 $272,000 $250,000 $279,000 $246,000

7/1/15-16 $399,000 $427,000 $462,000 $458,000 $502,000 $443,000

7/1/16-17 $442,000 $287,000 $308,000 $328,000 $362,000 $308,000

7/1/17-18 $386,000 $310,000 $385,000 $340,000 $386,000 $340,000

7/1/18-19 $397,000 -- -- $344,000 $356,000 $344,000

Total $6,722,923 $6,280,000 $6,625,000 $6,744,000 $7,088,000 $6,672,000

Column (B):  Prior analysis as of 12/31/2016; Exhibit VI for 17-18 and 18-19
Columns (C), (D):  Exhibit VIII
Columns (E), (F):  Exhibit IX
Column (G):  Limited reported losses for 96-97 through 07-08, excluding 03-04
                      Column (C) for 03-04 and 08-09 through 12-13
                      Average of Columns (C) and (E) for 13-14 through 16-17
                      Column (E) for 17-18 and 18-19

Summary and Selection of Limited Ultimate Losses
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Roanoke County School Board Exhibit XI

Workers Compensation Page 1

(A) (B) (C) (D) (E) (F)

Claim Estimated Trended
Accident Number Development Ultimate Exposure Claim
Period of Claims Factor Claims (thousands) Frequency*

7/1/01-02 61 1.000 61.0 $106,547 0.6

7/1/02-03 82 1.000 82.0 $108,007 0.8

7/1/03-04 92 1.000 92.0 $109,687 0.8

7/1/04-05 88 1.000 88.0 $110,976 0.8

7/1/05-06 74 1.000 74.0 $109,706 0.7

7/1/06-07 78 1.000 78.0 $108,115 0.7

7/1/07-08 96 1.000 96.0 $107,745 0.9

7/1/08-09 73 1.000 73.0 $110,313 0.7

7/1/09-10 68 1.000 68.0 $104,510 0.7

7/1/10-11 67 1.000 67.0 $106,626 0.6

7/1/11-12 84 1.000 84.0 $97,151 0.9

7/1/12-13 87 1.000 87.0 $100,235 0.9

7/1/13-14 97 1.000 97.0 $97,164 1.0

7/1/14-15 80 1.000 80.0 $95,732 0.8

7/1/15-16 90 1.000 90.0 $94,303 1.0

7/1/16-17 79 1.001 79.1 $96,564 0.8

7/1/17-18 81 1.005 81.4 $95,837 0.8

Total 1,377 1,377.5 $1,759,219 0.8

7/1/18-19 7/1/19-20 7/1/20-21

(1) Selected Claim Frequency 0.9 0.9 0.9

        { Average of 13-14 through 17-18 }

(2) Projected Exposure $93,908 $97,195 $98,653

        { Exhibit I }

(3) Estimated Ultimate Reported Claims: 85.4 86.6 86.2

        { Line (1) x Line (2) / 1,000 }

(4) Estimated claims unreported 24.7

        { (1 - 1 / CCDF) x (3) }

(5) Reported claims 61

        { Exhibit I }

(6) Estimate of Ultimate Claims 85.7 86.6 86.2

        { (4) + (5) or (3) }

*Shown as claims per million of exposure, record only claims omitted

Column (B):  Exhibit I
Column (C):  Appendix A6
Column (D) = (B) * (C)
Column (E) = Exhibit IV
Column (F) = (D) / (E) * 1,000

Estimated Ultimate Reported Claims
and Claim Frequencies
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Roanoke County School Board Exhibit XI

Workers Compensation Page 2

(A) (B) (C) (D) (E) (F)
Selected

Estimated Estimated Estimated
Accident Ultimate Ultimate Ultimate Exposure Cost per
Period Claims Losses Severity (Hundreds) $100 Payroll

7/1/96-97 92.0 $477,879 $5,200 $603,228 $0.79

7/1/97-98 106.0 $184,764 $1,700 $623,098 $0.30

7/1/98-99 79.0 $178,018 $2,300 $642,097 $0.28

7/1/99-00 82.0 $165,594 $2,000 $664,645 $0.25

7/1/00-01 54.0 $43,290 $800 $693,198 $0.06

7/1/01-02 61.0 $93,990 $1,500 $727,858 $0.13

7/1/02-03 82.0 $310,984 $3,800 $759,385 $0.41

7/1/03-04 92.0 $388,000 $4,200 $789,767 $0.49

7/1/04-05 88.0 $173,970 $2,000 $817,839 $0.21

7/1/05-06 74.0 $177,537 $2,400 $832,145 $0.21

7/1/06-07 78.0 $455,093 $5,800 $848,397 $0.54

7/1/07-08 96.0 $221,834 $2,300 $875,052 $0.25

7/1/08-09 73.0 $156,000 $2,100 $921,786 $0.17

7/1/09-10 68.0 $593,000 $8,700 $889,708 $0.67

7/1/10-11 67.0 $458,000 $6,800 $918,714 $0.50

7/1/11-12 84.0 $245,000 $2,900 $846,084 $0.29

7/1/12-13 87.0 $187,000 $2,100 $882,041 $0.21

7/1/13-14 97.0 $481,000 $5,000 $865,495 $0.56

7/1/14-15 80.0 $246,000 $3,100 $866,778 $0.28

7/1/15-16 90.0 $443,000 $4,900 $869,806 $0.51

7/1/16-17 79.1 $308,000 $3,900 $908,469 $0.34

7/1/17-18 81.4 $340,000 $4,200 $920,667 $0.37

7/1/18-19 85.7 $344,000 $4,000 $939,080 $0.37

7/1/19-20 86.6 $416,000 $4,800 $971,948 $0.43

7/1/20-21 86.2 $428,000 $5,000 $986,527 $0.43

Total 2,049.1 $7,516,000 $3,700 $20,663,809 $0.36

Columns (B):  Exhibit XI, page 1
Column (C):  Exhibit X; Exhibit VI for the forecast periods
Column (D) = (C) / (B)
Column (E):  Exhibit I
Column (F) = (C) / (E)

Estimation of Claim Severities
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Roanoke County School Board Exhibit XII

Workers Compensation Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I)
Total

Selected Limited Limited Total Discount Discounted
Accident Ultimate Paid Reported Case IBNR Required Factor at Reserves at
Period Losses Losses Losses Reserves Reserves Reserves 2.5% 2.5%

7/1/92-93 -- $304,020 $304,020 $0 $0 $0 1.000 $0

7/1/93-94 -- $2,499 $2,499 $0 $0 $0 1.000 $0

7/1/94-95 -- $4,025 $4,025 $0 $0 $0 1.000 $0

7/1/95-96 -- $250,000 $250,000 $0 $0 $0 1.000 $0

7/1/96-97 $477,879 $477,879 $477,879 $0 $0 $0 1.000 $0

7/1/97-98 $184,764 $184,764 $184,764 $0 $0 $0 1.000 $0

7/1/98-99 $178,018 $178,018 $178,018 $0 $0 $0 1.000 $0

7/1/99-00 $165,594 $165,594 $165,594 $0 $0 $0 0.988 $0

7/1/00-01 $43,290 $43,290 $43,290 $0 $0 $0 0.966 $0

7/1/01-02 $93,990 $93,990 $93,990 $0 $0 $0 0.946 $0

7/1/02-03 $310,984 $310,984 $310,984 $0 $0 $0 0.929 $0

7/1/03-04 $388,000 $375,431 $384,555 $9,124 $3,000 $12,000 0.914 $11,000

7/1/04-05 $173,970 $173,970 $173,970 $0 $0 $0 0.902 $0

7/1/05-06 $177,537 $177,537 $177,537 $0 $0 $0 0.892 $0

7/1/06-07 $455,093 $455,093 $455,093 $0 $0 $0 0.884 $0

7/1/07-08 $221,834 $221,834 $221,834 $0 $0 $0 0.878 $0

7/1/08-09 $156,000 $150,318 $152,136 $1,818 $4,000 $6,000 0.874 $5,000

7/1/09-10 $593,000 $587,481 $587,481 $0 $6,000 $6,000 0.872 $5,000

7/1/10-11 $458,000 $440,397 $440,397 $0 $18,000 $18,000 0.872 $16,000

7/1/11-12 $245,000 $226,762 $233,380 $6,618 $12,000 $19,000 0.874 $17,000

7/1/12-13 $187,000 $174,947 $174,947 $0 $12,000 $12,000 0.877 $11,000

7/1/13-14 $481,000 $439,601 $439,601 $0 $41,000 $41,000 0.882 $36,000

7/1/14-15 $246,000 $212,147 $212,147 $0 $34,000 $34,000 0.889 $30,000

7/1/15-16 $443,000 $385,154 $386,035 $881 $57,000 $58,000 0.897 $52,000

7/1/16-17 $308,000 $184,261 $210,448 $26,187 $98,000 $124,000 0.906 $112,000

7/1/17-18 $340,000 $166,615 $186,043 $19,428 $154,000 $173,000 0.914 $158,000

7/1/18-3/31/19 $258,000 $28,868 $77,545 $48,678 $180,000 $229,000 0.921 $211,000

Total $6,586,000 $6,415,477 $6,528,211 $112,734 $619,000 $732,000 $664,000

96-97 through 3/31/19 $6,586,000 $5,854,933 $5,967,668 $112,734 $619,000 $732,000 $664,000

3/31-6/30/19 $86,000

Column (B):  Exhibit X; prorated for 7/1/18-19
Columns (C), (D):  Exhibit I, limited to retention
Column (E) = (D) - (C)
Column (F) = (B) - (D); judgmentally selected for 92-93 through 95/96
Column (G) = (E) + (F)
Column (H):  Appendix D
Column (I) = (G) * (H)

Calculation of Required Reserves
As of March 31, 2019
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Roanoke County School Board Exhibit XII

Workers Compensation Page 2

(A) (B) (C) (D) (E) (F) (G) (H)
Estimated Limited Limited Estimated Estimated Discount Discounted

Confidence Ultimate Paid Reported Case Unreported Outstanding Factor Outstanding
Level Losses Losses Losses Reserves Losses Losses at 2.5% Losses

50% $6,567,000 $5,854,933 $5,967,668 $112,734 $599,000 $712,000 0.907 $646,000

55% $6,601,000 $5,854,933 $5,967,668 $112,734 $633,000 $746,000 0.907 $677,000

60% $6,634,000 $5,854,933 $5,967,668 $112,734 $666,000 $779,000 0.907 $707,000

65% $6,669,000 $5,854,933 $5,967,668 $112,734 $701,000 $814,000 0.907 $738,000

70% $6,707,000 $5,854,933 $5,967,668 $112,734 $739,000 $852,000 0.907 $773,000

75% $6,749,000 $5,854,933 $5,967,668 $112,734 $781,000 $894,000 0.907 $811,000

80% $6,795,000 $5,854,933 $5,967,668 $112,734 $827,000 $940,000 0.907 $853,000

85% $6,852,000 $5,854,933 $5,967,668 $112,734 $884,000 $997,000 0.907 $904,000

90% $6,926,000 $5,854,933 $5,967,668 $112,734 $958,000 $1,071,000 0.907 $972,000

95% $7,036,000 $5,854,933 $5,967,668 $112,734 $1,068,000 $1,181,000 0.907 $1,071,000

Expected $6,586,000 $5,854,933 $5,967,668 $112,734 $619,000 $732,000 0.907 $664,000

Column (A):  Based on Lognormal Fit to Historical Development Experience Column (F) = (A) - (B) = (D) + (E)
Columns (B), (C):  Exhibit XII, page 1 Column (G):  Average Discount from Exhibit XII, page 1
Column (D) = (C) - (B) Column (H) = (F) * (G)
Column (E) = (A) - (C)

As of March 31, 2019

Estimated Outstanding Losses
At Various Confidence Levels

for Accident Periods 96-97 through 18-19
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Roanoke County School Board Exhibit XIII

Workers Compensation Page 1

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (M)

Outstanding
Losses or Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid Paid

Accident Expected During During During During During During During During During During During
Year Incurred 3/31-6/30/19 2019-20 2020-21 2021-22 2022-23 2023-24 2024-25 2025-26 2026-27 2027-28 2028-29

7/1/95-96 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/96-97 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/97-98 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/98-99 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/99-00 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/00-01 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/01-02 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/02-03 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/03-04 $12,000 $300 $1,100 $1,000 $800 $700 $600 $600 $500 $400 $400 $400

7/1/04-05 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/05-06 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/06-07 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/07-08 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

7/1/08-09 $6,000 $200 $800 $600 $500 $400 $400 $300 $300 $200 $200 $200

7/1/09-10 $6,000 $200 $800 $600 $500 $400 $400 $300 $300 $200 $200 $200

7/1/10-11 $18,000 $800 $2,600 $2,000 $1,600 $1,300 $1,100 $900 $800 $700 $600 $500

7/1/11-12 $19,000 $900 $3,000 $2,300 $1,800 $1,400 $1,200 $1,000 $800 $700 $600 $500

7/1/12-13 $12,000 $600 $2,000 $1,500 $1,200 $900 $700 $600 $500 $400 $400 $300

7/1/13-14 $41,000 $2,300 $7,600 $5,600 $4,200 $3,200 $2,500 $2,000 $1,600 $1,400 $1,100 $1,000

7/1/14-15 $34,000 $2,200 $6,900 $4,900 $3,600 $2,700 $2,100 $1,600 $1,300 $1,100 $900 $700

7/1/15-16 $58,000 $4,100 $13,000 $8,900 $6,300 $4,600 $3,500 $2,700 $2,100 $1,700 $1,400 $1,100

7/1/16-17 $124,000 $9,800 $30,400 $20,100 $13,800 $9,800 $7,200 $5,400 $4,200 $3,300 $2,600 $2,100

7/1/17-18 $173,000 $14,400 $45,600 $29,900 $19,900 $13,700 $9,700 $7,100 $5,300 $4,100 $3,200 $2,600

7/1/18-3/31/19 $229,000 $24,800 $59,700 $41,500 $27,300 $18,200 $12,500 $8,900 $6,500 $4,900 $3,800 $3,000

Subtotal $732,000 $61,000 $174,000 $119,000 $82,000 $57,000 $42,000 $31,000 $24,000 $19,000 $15,000 $13,000

3/31-6/30/19 $86,000 $9,000 $22,000 $16,000 $10,000 $7,000 $5,000 $3,000 $2,000 $2,000 $1,000 $1,000

7/1/19-20 $416,000 -- $111,000 $89,000 $62,000 $41,000 $27,000 $19,000 $13,000 $10,000 $7,000 $6,000

Total $1,234,000 $70,000 $307,000 $224,000 $154,000 $105,000 $74,000 $53,000 $39,000 $31,000 $23,000 $20,000

Outstanding losses or expected incurred are derived in Exhibit XII, page 1 and Exhibit VI

Percent of outstanding losses or expected incurred paid during a given period is based on the paid loss development patterns
given in Appendix A4 and the formula {[1 / PLDF(t+1)] - [1 / PLDF(t)]} / {1 - [1 / PLDF(@ 03/31/19)]}.

Amount paid equals the percent of outstanding or expected paid times the estimated outstanding losses or expected incurred.

Projection of Loss Payout
For the Next Ten Fiscal Years
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Roanoke County School Board Exhibit XIII

Workers Compensation Page 2

(A) (B) (C) (D) (E) (F) (G)
Projected
Limited

Limited Limited Projected Outstanding Projected Projected
Limited Outstanding Paid Paid & Forecast Paid Outstanding

Aggregate Ultimate & Forecast Losses as of Losses as of Losses as of Losses as of Losses as of
Percentile Losses Losses 3/31/2019 6/30/2019 6/30/2019 6/30/2020 6/30/2020

50% $7,045,000 $1,190,000 $5,854,933 $5,922,000 $1,123,000 $6,218,000 $827,000

55% $7,091,000 $1,236,000 $5,854,933 $5,925,000 $1,166,000 $6,233,000 $858,000

60% $7,141,000 $1,286,000 $5,854,933 $5,928,000 $1,213,000 $6,248,000 $893,000

65% $7,191,000 $1,336,000 $5,854,933 $5,931,000 $1,260,000 $6,263,000 $928,000

70% $7,243,000 $1,388,000 $5,854,933 $5,934,000 $1,309,000 $6,279,000 $964,000

75% $7,308,000 $1,453,000 $5,854,933 $5,937,000 $1,371,000 $6,299,000 $1,009,000

80% $7,379,000 $1,524,000 $5,854,933 $5,941,000 $1,438,000 $6,320,000 $1,059,000

85% $7,467,000 $1,612,000 $5,854,933 $5,946,000 $1,521,000 $6,347,000 $1,120,000

90% $7,580,000 $1,725,000 $5,854,933 $5,953,000 $1,627,000 $6,382,000 $1,198,000

95% $7,785,000 $1,930,000 $5,854,933 $5,964,000 $1,821,000 $6,444,000 $1,341,000

Expected $7,088,000 $1,234,000 $5,854,933 $5,925,000 $1,163,000 $6,232,000 $856,000

Column (A):  Percentile estimates are based on a lognormal distribution. 
Column (B) = (C) - (A)
Column (C):  Exhibit XII, page 2
Column (D) = { (% of outstanding as of 3/31/19 expected to be paid during 3/31-6/30/19 from Exhibit XIII, page 1) * (B) } + (C)
Column (E) = (A) - (D)
Column (F) = { (% of outstanding as of 6/30/19 expected to be paid during 2019-20 from Exhibit XIII, page 1) * (E) } + (D)
Column (G) = (A) - (F)

Projected Payment Pattern
At Various Confidence Levels

for Accident Periods 96-97 through 19-20
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Roanoke County School Board Exhibit XIV

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)
Expected Actual Estimated Estimated

Reported Reported Reported Ultimate Ultimate
Accident Losses Losses Losses Percent Losses Losses Percent
Period 12/31/2016 3/31/2019 3/31/2019 Difference 12/31/2016 3/31/2019 Difference

7/1/96-97 $477,879 $477,879 $477,879 0% $477,879 $477,879 0%

7/1/97-98 $184,764 $184,764 $184,764 0% $184,764 $184,764 0%

7/1/98-99 $186,421 $186,719 $178,018 -5% $188,000 $178,018 -5%

7/1/99-00 $165,594 $165,594 $165,594 0% $165,594 $165,594 0%

7/1/00-01 $43,290 $43,290 $43,290 0% $43,290 $43,290 0%

7/1/01-02 $93,990 $93,990 $93,990 0% $93,990 $93,990 0%

7/1/02-03 $310,984 $310,984 $310,984 0% $310,984 $310,984 0%

7/1/03-04 $349,287 $350,668 $384,555 10% $355,000 $388,000 9%

7/1/04-05 $173,970 $173,970 $173,970 0% $173,970 $173,970 0%

7/1/05-06 $176,983 $176,983 $177,537 0% $176,983 $177,537 0%

7/1/06-07 $252,595 $252,595 $455,093 80% $252,595 $455,093 80%

7/1/07-08 $221,834 $221,834 $221,834 0% $221,834 $221,834 0%

7/1/08-09 $150,040 $150,040 $152,136 1% $150,040 $156,000 4%

7/1/09-10 $587,481 $593,464 $587,481 -1% $604,000 $593,000 -2%

7/1/10-11 $452,249 $469,488 $440,397 -6% $496,000 $458,000 -8%

7/1/11-12 $222,419 $236,477 $233,380 -1% $255,000 $245,000 -4%

7/1/12-13 $174,990 $189,740 $174,947 -8% $206,000 $187,000 -9%

7/1/13-14 $378,955 $410,112 $439,601 7% $438,000 $481,000 10%

7/1/14-15 $215,938 $268,296 $212,147 -21% $305,000 $246,000 -19%

7/1/15-16 $247,224 $346,274 $386,035 11% $399,000 $443,000 11%

7/1/16-17 $176,987 $372,165 $210,448 -43% $442,000 $308,000 -30%

7/1/17-18 $259,000 $186,043 -28% $401,000 $340,000 -15%

7/1/18-19 $153,000 $77,545 -49% $408,000 $344,000 -16%

Total $5,243,874 $6,087,327 $5,967,668 -2% $6,749,000 $6,672,000 -1%

Variance from Expected ($119,659) Change in Ultimates ($77,000)

(I) (J) (K) (L) (M) (N) (O) (P)
Expected Actual Estimated Estimated

Paid Paid Paid Ultimate Ultimate
Accident Losses Losses Losses Percent Losses Losses Percent
Period 12/31/2016 3/31/2019 3/31/2019 Difference 12/31/2016 3/31/2019 Difference

7/1/96-97 $477,879 $477,879 $477,879 0% $477,879 $477,879 0%

7/1/97-98 $184,764 $184,764 $184,764 0% $184,764 $184,764 0%

7/1/98-99 $177,212 $178,903 $178,018 0% $188,000 $178,018 -5%

7/1/99-00 $165,594 $165,594 $165,594 0% $165,594 $165,594 0%

7/1/00-01 $43,290 $43,290 $43,290 0% $43,290 $43,290 0%

7/1/01-02 $93,990 $93,990 $93,990 0% $93,990 $93,990 0%

7/1/02-03 $310,984 $310,984 $310,984 0% $310,984 $310,984 0%

7/1/03-04 $336,472 $340,210 $375,431 10% $355,000 $388,000 9%

7/1/04-05 $173,970 $173,970 $173,970 0% $173,970 $173,970 0%

7/1/05-06 $176,983 $176,983 $177,537 0% $176,983 $177,537 0%

7/1/06-07 $252,595 $252,595 $455,093 80% $252,595 $455,093 80%

7/1/07-08 $221,834 $221,834 $221,834 0% $221,834 $221,834 0%

7/1/08-09 $150,040 $150,040 $150,318 0% $150,040 $156,000 4%

7/1/09-10 $587,481 $592,514 $587,481 -1% $604,000 $593,000 -2%

7/1/10-11 $440,397 $458,862 $440,397 -4% $496,000 $458,000 -8%

7/1/11-12 $222,419 $234,289 $226,762 -3% $255,000 $245,000 -4%

7/1/12-13 $174,947 $187,442 $174,947 -7% $206,000 $187,000 -9%

7/1/13-14 $345,804 $387,023 $439,601 14% $438,000 $481,000 10%

7/1/14-15 $206,679 $255,685 $212,147 -17% $305,000 $246,000 -19%

7/1/15-16 $209,715 $314,179 $385,154 23% $399,000 $443,000 11%

7/1/16-17 $30,246 $273,129 $184,261 -33% $442,000 $308,000 -30%

7/1/17-18 $183,000 $166,615 -9% $401,000 $340,000 -15%

7/1/18-19 $76,000 $28,868 -62% $408,000 $344,000 -16%

Total $4,983,296 $5,733,159 $5,854,933 2% $6,748,923 $6,672,000 -1%

Columns (B), (F), (J), (N):  From previous actuarial Columns (G), (O):  Exhibit X
     report as of 12/31/16 Column (H) = [(G) / (F)] - 1
Column (C):  Derived from (B) and (F) using Reported LDF's Column (K):  Derived from (J) and (N) using Paid LDF's 
     from previous actuarial report      from previous actuarial report
Columns (D), (L):  Exhibit I, limited to retention Column (M) = [(L) / (K)] - 1
Column (E) = [(D) / (C)] - 1 Column (P) = [(O) / (N)] - 1

Comparison of Results with Report Valued as of December 31, 2016
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Roanoke County School Board Exhibit XV

Workers Compensation

(1) Estimated Outstanding Losses as of 3/31/19 $732,000

{ Exhibit XII-1 }

(2) Forecast Losses for 3/31-6/30/19 $86,000

{ Exhibit XII-1 }

(3) Additional Risk Margin $250,000

{ Provided by Roanoke Co. Schools }

(4) Required Funding as of 3/31/19 $1,068,000

{ (1) + (2) + (3) }

(5) Projected Payments during 3/31-6/30/19 $70,000

{ Exhibit XIII-1 }

(6) Estimated Outstanding Losses as of 6/30/19 $748,000

{ (1) + (2) – (5) }

(7) Forecast Losses for 7/1/19-20 $416,000

{ Exhibit VI }

(8) Additional Risk Margin $250,000

{ Provided by Roanoke Co. Schools }

(9) Required Funding as of 6/30/19 $1,414,000

{ (6) + (7) + (8) }

(10) Projected Payments during 7/1/19-20 $307,000

{ Exhibit XIII-1 }

(11) Estimated Outstanding Losses as of 6/30/20 $857,000

{ (6) + (7) – (10) }

(12) Forecast Losses for 7/1/20-21 $428,000

{ Exhibit VI }

(13) Additional Risk Margin $250,000

{ Provided by Roanoke Co. Schools }

(14) Required Funding as of 6/30/20 $1,535,000

{ (11) + (12) + (13) }

Funding at the Expected Level
With An Additional $250,000 Risk Margin

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Appendix A1

Workers Compensation

Combined Experience for County and School Board*

Accident
Period 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

7/1/96-97 $391,619 $479,281 $537,354 $891,594 $984,421 $937,377 $937,377 $987,377 $995,610 $995,276 $995,276 $995,276 $992,791 $1,014,504

7/1/97-98 $178,355 $369,414 $361,358 $366,052 $376,196 $384,177 $385,718 $423,499 $431,707 $421,053 $373,354 $373,354 $367,535 $361,716 $361,716

7/1/98-99 $251,274 $293,511 $322,136 $381,950 $386,474 $332,336 $339,838 $439,796 $423,663 $472,490 $472,490 $491,285 $560,647 $535,716 $510,784

7/1/99-00 $456,512 $472,597 $645,257 $579,065 $595,694 $648,217 $654,537 $654,749 $683,192 $693,126 $705,129 $759,241 $741,899 $724,556 $745,770

7/1/00-01 $562,554 $596,006 $639,157 $381,479 $401,133 $363,871 $363,781 $367,001 $367,001 $367,001 $406,638 $386,819 $367,001 $367,001 $367,001

7/1/01-02 $821,345 $770,966 $878,953 $863,677 $851,895 $862,878 $898,139 $961,748 $967,083 $948,009 $980,115 $1,012,221 $1,013,569 $1,015,072 $988,840

7/1/02-03 $385,934 $462,770 $456,767 $506,971 $539,944 $543,920 $533,249 $532,801 $533,477 $535,250 $537,022 $540,425 $545,529 $614,436 $614,436

7/1/03-04 $336,277 $498,535 $574,468 $559,821 $597,779 $588,154 $636,900 $637,701 $666,162 $694,622 $808,347 $818,840 $858,918 $858,918 $874,055

7/1/04-05 $305,338 $457,455 $529,557 $546,401 $514,586 $471,847 $475,615 $507,449 $539,284 $545,097 $550,491 $530,235 $575,235 $577,556

7/1/05-06 $471,382 $692,734 $801,879 $801,370 $791,870 $763,614 $763,815 $753,292 $753,538 $757,809 $803,477 $803,892 $804,540

7/1/06-07 $465,228 $672,559 $636,436 $719,044 $695,799 $697,188 $709,934 $791,296 $893,409 $933,951 $989,384 $1,138,159

7/1/07-08 $793,678 $813,941 $1,020,141 $1,105,670 $1,049,629 $1,010,938 $1,001,820 $1,005,949 $1,068,398 $1,066,549 $1,069,253

7/1/08-09 $309,982 $804,301 $870,982 $823,819 $832,494 $868,082 $998,647 $947,745 $975,850 $890,806

7/1/09-10 $441,280 $596,072 $875,536 $870,279 $881,845 $895,337 $1,268,822 $1,268,822 $1,254,052

7/1/10-11 $660,825 $900,594 $1,526,519 $1,889,607 $1,957,049 $2,208,710 $2,254,412 $2,361,699

7/1/11-12 $240,987 $530,151 $569,171 $606,015 $615,112 $672,877 $725,035

7/1/12-13 $415,587 $523,968 $677,852 $780,191 $860,055 $920,942

7/1/13-14 $537,650 $906,246 $1,101,686 $1,134,454 $1,191,860

7/1/14-15 $484,074 $951,574 $1,013,337 $1,050,317

7/1/15-16 $523,561 $542,777 $800,027

7/1/16-17 $713,411 $785,771

7/1/17-18 $251,598

Accident
Period 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:156 156:168 168:180 180:Ult

7/1/96-97 1.224 1.121 1.659 1.104 0.952 1.000 1.053 1.008 1.000 1.000 1.000 0.998 1.022

7/1/97-98 2.071 0.978 1.013 1.028 1.021 1.004 1.098 1.019 0.975 0.887 1.000 0.984 0.984 1.000

7/1/98-99 1.168 1.098 1.186 1.012 0.860 1.023 1.294 0.963 1.115 1.000 1.040 1.141 0.956 0.953

7/1/99-00 1.035 1.365 0.897 1.029 1.088 1.010 1.000 1.043 1.015 1.017 1.077 0.977 0.977 1.029

7/1/00-01 1.059 1.072 0.597 1.052 0.907 1.000 1.009 1.000 1.000 1.108 0.951 0.949 1.000 1.000

7/1/01-02 0.939 1.140 0.983 0.986 1.013 1.041 1.071 1.006 0.980 1.034 1.033 1.001 1.001 0.974

7/1/02-03 1.199 0.987 1.110 1.065 1.007 0.980 0.999 1.001 1.003 1.003 1.006 1.009 1.126 1.000

7/1/03-04 1.483 1.152 0.975 1.068 0.984 1.083 1.001 1.045 1.043 1.164 1.013 1.049 1.000 1.018

7/1/04-05 1.498 1.158 1.032 0.942 0.917 1.008 1.067 1.063 1.011 1.010 0.963 1.085 1.004

7/1/05-06 1.470 1.158 0.999 0.988 0.964 1.000 0.986 1.000 1.006 1.060 1.001 1.001

7/1/06-07 1.446 0.946 1.130 0.968 1.002 1.018 1.115 1.129 1.045 1.059 1.150

7/1/07-08 1.026 1.253 1.084 0.949 0.963 0.991 1.004 1.062 0.998 1.003

7/1/08-09 2.595 1.083 0.946 1.011 1.043 1.150 0.949 1.030 0.913

7/1/09-10 1.351 1.469 0.994 1.013 1.015 1.417 1.000 0.988

7/1/10-11 1.363 1.695 1.238 1.036 1.129 1.021 1.048

7/1/11-12 2.200 1.074 1.065 1.015 1.094 1.078

7/1/12-13 1.261 1.294 1.151 1.102 1.071

7/1/13-14 1.686 1.216 1.030 1.051

7/1/14-15 1.966 1.065 1.036

7/1/15-16 1.037 1.474

7/1/16-17 1.101

Average 1.448 1.195 1.031 1.054 1.011 1.048 1.043 1.029 1.009 1.029 1.021 1.020 1.005 1.000

Avg. Latest 5 1.410 1.224 1.104 1.043 1.070 1.131 1.023 1.042 0.995 1.059 1.027 1.029 1.026 1.004

Wtd. Avg. Latest 5 1.387 1.205 1.117 1.043 1.081 1.105 1.023 1.037 0.991 1.056 1.039 1.025 1.022 1.003

Wtd. Avg. 1.351 1.207 1.037 1.043 1.029 1.053 1.030 1.031 1.003 1.031 1.030 1.018 1.004 1.001

VACO 1.535 1.168 1.078 1.044 1.027 1.018 1.021 1.019 1.013 1.008 1.005 1.003 1.002 1.001 1.002

Prior 1.512 1.206 1.058 1.030 1.025 1.020 1.014 1.011 1.008 1.007 1.007 1.005 1.002 1.002 1.003

Selected 1.461 1.224 1.058 1.036 1.035 1.034 1.023 1.011 1.008 1.007 1.007 1.005 1.003 1.002 1.003

Cumulative 12:ult 24:ult 36:ult 48:ult 60:ult 72:ult 84:ult 96:ult 108:ult 120:ult 132:ult 144:ult 156:ult 168:ult 180:Ult
Factor 2.247 1.538 1.256 1.187 1.145 1.107 1.070 1.046 1.035 1.026 1.019 1.012 1.008 1.005 1.003

* School Board losses were as of 5/31/05 in the 2005 analysis

Reported Loss Development

Gross Reported Losses as of (months):

Age-to-Age Factors:

RoCo School WC 18     JAP 5/28/2019 Select Actuarial Services
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Roanoke County School Board Appendix A2

Workers Compensation

Combined Experience for County and School Board*

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 2.247 -3.8159 0.2209 14.561 0.0488 -0.8428 321 1.002

24 1.538 -4.0503 -0.6195 16.405 0.3838 2.5092 309 1.002

36 1.256 -4.2401 -1.3613 17.979 1.8531 5.7719 297 1.003

48 1.187 -4.3996 -1.6768 19.356 2.8118 7.3773 285 1.003

60 1.145 -4.5371 -1.9285 20.585 3.7191 8.7497 273 1.003

72 1.107 -4.6579 -2.2393 21.696 5.0146 10.4307 261 1.004

84 1.070 -4.7657 -2.6610 22.712 7.0807 12.6814 249 1.004

96 1.046 -4.8630 -3.0775 23.649 9.4711 14.9661 237 1.005

108 1.035 -4.9517 -3.3631 24.519 11.3105 16.6532 225 1.006

120 1.026 -5.0332 -3.6338 25.333 13.2044 18.2894 213 1.007

201 1.008

189 1.009

177 1.011

165 1.013

153 1.016

141 1.019

129 1.024

117 1.030

105 1.039

93 1.051

81 1.070

69 1.097

57 1.142

45 1.219

33 1.363

21 1.664

9 3.033

-45.3145 -20.3400 206.7951 54.8979 96.5861

-4.5314 -2.0340 20.7 5.4898 9.6586

N  = 10

A  = 1.232E+05

B  = 3.036 R^2 = 0.99115

C  = 33

* From combined experience of County and School Board

Estimation of Cumulative Reported Loss Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum

Workers Compensation
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Roanoke County School Board Appendix A3

Workers Compensation

Combined Experience for County and School Board*

Accident
Period 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180

7/1/96-97 $301,493 $401,657 $458,782 $616,631 $686,635 $772,779 $797,776 $824,695 $846,088 $871,085 $917,232 $971,077 $980,691 $990,305

7/1/97-98 $80,084 $215,592 $317,065 $328,379 $332,568 $345,369 $350,868 $363,112 $371,053 $372,910 $373,354 $373,354 $367,535 $361,716 $361,716

7/1/98-99 $114,134 $210,693 $257,038 $277,403 $299,572 $319,178 $329,461 $433,040 $396,366 $408,694 $421,923 $433,319 $444,715 $453,818 $462,920

7/1/99-00 $151,117 $299,234 $323,588 $459,479 $494,100 $525,881 $532,954 $565,068 $575,672 $651,017 $666,314 $681,611 $702,875 $724,139 $745,631

7/1/00-01 $126,266 $167,694 $252,401 $283,113 $313,127 $313,698 $317,365 $323,251 $327,364 $332,422 $337,480 $343,283 $349,086 $352,871 $356,056

7/1/01-02 $197,503 $639,170 $724,256 $742,498 $746,596 $763,886 $793,389 $860,360 $878,364 $898,927 $909,566 $920,206 $924,183 $927,447 $933,275

7/1/02-03 $161,268 $321,666 $395,462 $491,459 $507,841 $517,986 $523,379 $526,694 $530,029 $533,526 $537,022 $540,425 $545,515 $567,835 $576,215

7/1/03-04 $185,211 $410,637 $478,986 $511,613 $529,197 $537,615 $548,283 $567,319 $596,521 $625,722 $651,354 $784,165 $811,743 $814,970 $846,416

7/1/04-05 $222,501 $380,203 $417,035 $434,221 $446,417 $459,273 $469,296 $480,195 $491,093 $505,990 $511,764 $524,243 $529,325 $543,024

7/1/05-06 $278,823 $543,464 $606,056 $618,708 $646,943 $667,044 $685,059 $699,186 $712,742 $731,913 $765,383 $771,403 $787,818

7/1/06-07 $168,902 $287,571 $330,500 $409,330 $427,981 $469,403 $524,061 $597,589 $724,740 $792,609 $820,107 $998,425

7/1/07-08 $360,909 $698,063 $764,823 $860,320 $876,657 $897,844 $912,375 $918,106 $934,569 $928,201 $939,269

7/1/08-09 $219,242 $498,944 $570,611 $606,511 $613,428 $637,490 $698,276 $776,157 $794,830 $844,026

7/1/09-10 $315,096 $557,148 $699,820 $770,577 $829,431 $876,579 $996,073 $1,250,646 $1,254,052

7/1/10-11 $382,581 $742,117 $1,355,826 $1,672,469 $1,824,614 $2,106,606 $2,144,885 $2,276,905

7/1/11-12 $161,217 $325,779 $442,039 $500,632 $587,090 $605,268 $698,862

7/1/12-13 $222,231 $502,772 $628,810 $749,561 $767,988 $868,795

7/1/13-14 $368,648 $763,504 $995,143 $1,056,329 $1,131,783

7/1/14-15 $305,085 $887,204 $946,564 $1,046,180

7/1/15-16 $471,117 $512,546 $708,855

7/1/16-17 $517,973 $743,783

7/1/17-18 $127,414

Accident
Period 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:156 156:168 168:180 180:Ult

7/1/96-97 1.332 1.142 1.344 1.114 1.125 1.032 1.034 1.026 1.030 1.053 1.059 1.010 1.010

7/1/97-98 2.692 1.471 1.036 1.013 1.038 1.016 1.035 1.022 1.005 1.001 1.000 0.984 0.984 1.000

7/1/98-99 1.846 1.220 1.079 1.080 1.065 1.032 1.314 0.915 1.031 1.032 1.027 1.026 1.020 1.020

7/1/99-00 1.980 1.081 1.420 1.075 1.064 1.013 1.060 1.019 1.131 1.023 1.023 1.031 1.030 1.030

7/1/00-01 1.328 1.505 1.122 1.106 1.002 1.012 1.019 1.013 1.015 1.015 1.017 1.017 1.011 1.009

7/1/01-02 3.236 1.133 1.025 1.006 1.023 1.039 1.084 1.021 1.023 1.012 1.012 1.004 1.004 1.006

7/1/02-03 1.995 1.229 1.243 1.033 1.020 1.010 1.006 1.006 1.007 1.007 1.006 1.009 1.041 1.015

7/1/03-04 2.217 1.166 1.068 1.034 1.016 1.020 1.035 1.051 1.049 1.041 1.204 1.035 1.004 1.039

7/1/04-05 1.709 1.097 1.041 1.028 1.029 1.022 1.023 1.023 1.030 1.011 1.024 1.010 1.026

7/1/05-06 1.949 1.115 1.021 1.046 1.031 1.027 1.021 1.019 1.027 1.046 1.008 1.021

7/1/06-07 1.703 1.149 1.239 1.046 1.097 1.116 1.140 1.213 1.094 1.035 1.217

7/1/07-08 1.934 1.096 1.125 1.019 1.024 1.016 1.006 1.018 0.993 1.012

7/1/08-09 2.276 1.144 1.063 1.011 1.039 1.095 1.112 1.024 1.062

7/1/09-10 1.768 1.256 1.101 1.076 1.057 1.136 1.256 1.003

7/1/10-11 1.940 1.827 1.234 1.091 1.155 1.018 1.062

7/1/11-12 2.021 1.357 1.133 1.173 1.031 1.155

7/1/12-13 2.262 1.251 1.192 1.025 1.131

7/1/13-14 2.071 1.303 1.061 1.071

7/1/14-15 2.908 1.067 1.105

7/1/15-16 1.088 1.383

7/1/16-17 1.436

Average 2.018 1.259 1.129 1.071 1.055 1.053 1.080 1.027 1.038 1.022 1.054 1.020 1.014 1.016

Avg. Latest 5 1.953 1.272 1.145 1.087 1.083 1.084 1.115 1.055 1.041 1.029 1.092 1.016 1.017 1.020

Wtd. Avg. Latest 5 1.809 1.244 1.150 1.082 1.102 1.064 1.103 1.042 1.040 1.029 1.101 1.016 1.015 1.021

Wtd. Avg. 1.938 1.254 1.126 1.068 1.068 1.053 1.079 1.028 1.038 1.023 1.062 1.023 1.014 1.017

VACO 2.205 1.236 1.103 1.058 1.037 1.025 1.034 1.029 1.020 1.014 1.010 1.007 1.005 1.003 1.008

Prior 2.065 1.260 1.129 1.062 1.045 1.036 1.031 1.025 1.024 1.021 1.015 1.013 1.008 1.005 1.006

Selected 2.001 1.266 1.126 1.068 1.062 1.045 1.034 1.025 1.024 1.021 1.015 1.013 1.008 1.005 1.006

Cumulative 12:ult 24:ult 36:ult 48:ult 60:ult 72:ult 84:ult 96:ult 108:ult 120:ult 132:ult 144:ult 156:ult 168:ult 180:Ult
Factor 3.920 1.959 1.548 1.375 1.288 1.213 1.161 1.123 1.096 1.070 1.049 1.033 1.019 1.011 1.006

* School Board losses were as of 5/31/05 in the 2005 analysis

Paid Loss Development

Gross Paid Losses as of (months):

Age-to-Age Factors:
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Roanoke County School Board Appendix A4

Workers Compensation

Combined Experience for County and School Board*

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 3.920 -2.8527 1.0717 8.138 1.1486 -3.0572 321 1.015

24 1.959 -3.3787 -0.0420 11.416 0.0018 0.1418 309 1.016

36 1.548 -3.7217 -0.6020 13.851 0.3624 2.2404 297 1.017

48 1.375 -3.9766 -0.9807 15.813 0.9618 3.8999 285 1.018

60 1.288 -4.1795 -1.2454 17.468 1.5510 5.2051 273 1.020

72 1.213 -4.3481 -1.5456 18.906 2.3890 6.7206 261 1.021

84 1.161 -4.4924 -1.8245 20.181 3.3287 8.1963 249 1.023

96 1.123 -4.6184 -2.0931 21.330 4.3809 9.6667 237 1.025

108 1.096 -4.7303 -2.3426 22.376 5.4879 11.0814 225 1.028

120 1.070 -4.8310 -2.6527 23.338 7.0370 12.8153 213 1.031

201 1.034

189 1.038

177 1.042

165 1.047

153 1.054

141 1.062

129 1.072

117 1.086

105 1.103

93 1.126

81 1.159

69 1.207

57 1.284

45 1.415

33 1.674

21 2.314

9 5.664

-41.1294 -12.2569 172.8181 26.6490 56.9102

-4.1129 -1.2257 17.3 2.6649 5.6910

N  = 10

A  = 4.400E+02

B  = 1.778 R^2 = 0.99378

C  = 5

* From combined experience of County and School Board

Sum

Average

Estimation of Cumulative Paid Loss Development Factors
Using "The Method of Least Squares"

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Workers Compensation
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Roanoke County School Board Appendix A5

Workers Compensation

Combined Experience for County and School Board*

Accident
Period 12 24 36 48 60 72 84 96 108 120 132 144

7/1/96-97 223 225 225 225 225 225 225 225 226 226 226

7/1/97-98 383 414 414 414 414 414 414 414 229 229 229 229

7/1/98-99 415 429 429 429 429 429 429 201 201 201 201 201

7/1/99-00 443 473 473 473 473 473 250 250 250 250 250 250

7/1/00-01 364 378 378 378 378 175 175 175 175 175 175 175

7/1/01-02 402 412 412 412 220 220 220 220 220 220 220 220

7/1/02-03 453 467 467 195 195 195 195 195 195 195 195 195

7/1/03-04 479 492 220 220 220 220 220 220 220 220 220 220

7/1/04-05 375 196 196 196 196 196 196 196 196 196 196 196

7/1/05-06 172 176 177 177 177 177 177 177 177 177 177 177

7/1/06-07 181 179 182 181 181 181 181 181 181 180 180 180

7/1/07-08 210 214 216 216 216 216 216 216 217 217 217

7/1/08-09 168 176 176 176 176 176 176 176 176 176

7/1/09-10 167 173 173 173 173 173 173 173 173

7/1/10-11 172 178 180 180 181 181 181 181

7/1/11-12 180 186 186 186 186 186 186

7/1/12-13 202 203 203 203 203 203

7/1/13-14 195 205 206 205 205

7/1/14-15 202 203 203 203

7/1/15-16 180 180 180

7/1/16-17 171 176

7/1/17-18 186

Accident
Period 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:ult

7/1/96-97 1.009 1.000 1.000 1.000 1.000 1.000 1.000 1.004 1.000 1.000

7/1/97-98 1.081 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/98-99 1.034 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/99-00 1.068 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/00-01 1.038 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/01-02 1.025 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/02-03 1.031 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/03-04 1.027 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/04-05 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/05-06 1.023 1.006 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/06-07 0.989 1.017 0.995 1.000 1.000 1.000 1.000 1.000 0.994 1.000 1.000

7/1/07-08 1.019 1.009 1.000 1.000 1.000 1.000 1.000 1.005 1.000 1.000

7/1/08-09 1.048 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/09-10 1.036 1.000 1.000 1.000 1.000 1.000 1.000 1.000

7/1/10-11 1.035 1.011 1.000 1.006 1.000 1.000 1.000

7/1/11-12 1.033 1.000 1.000 1.000 1.000 1.000

7/1/12-13 1.005 1.000 1.000 1.000 1.000

7/1/13-14 1.051 1.005 0.995 1.000

7/1/14-15 1.005 1.000 1.000

7/1/15-16 1.000 1.000

7/1/16-17 1.029

Average 1.030 1.003 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Avg Latest 5 1.018 1.001 0.999 1.001 1.000 1.000 1.000 1.001 0.999 1.000 1.000

Wtd. Avg. 1.015 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

VACO 1.041 1.002 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Prior 1.030 1.003 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Selected 1.030 1.003 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Cumulative 12:ult 24:ult 36:ult 48:ult 60:ult 72:ult 84:ult 96:ult 108:ult 120:ult 132:ult 144:ult
Factor 1.034 1.003 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

* School Board losses were as of 5/31/05 in the 2005 analysis
+ Beginning 7/1/05, record-only claims no longer included in claim counts

Claim Count Development

Claims reported as of (months):+

Age-to-Age Factors:
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Roanoke County School Board Appendix A6

Workers Compensation

Combined Experience for County and School Board*

Months
of Cumulative Cumulative

Maturity Factors   X' Y' Factor
X Y*  LN(1/(X+C)) LN(Y-1) (X')^2 (Y')^2 X' x Y' X Y

12 1.034 -2.4849 -3.3937 6.175 11.5174 8.4331 321 1.000

24 1.003 -3.1781 -5.7735 10.100 33.3332 18.3485 309 1.000

297 1.000

285 1.000

273 1.000

261 1.000

249 1.000

237 1.000

225 1.000

213 1.000

201 1.000

189 1.000

177 1.000

165 1.000

153 1.000

141 1.000

129 1.000

117 1.000

105 1.000

93 1.000

81 1.000

69 1.000

57 1.000

45 1.000

33 1.001

21 1.005

9 1.406

-5.6630 -9.1672 16.2748 44.8506 26.7816

-2.8315 -4.5836 8.1 22.4253 13.3908

N  = 2

A  = 1.703E+02

B  = 3.433 R^2 = 1.00000

C  = 0

* From combined experience of County and School Board

Estimation of Cumulative Claim Count Development Factors
Using "The Method of Least Squares"

Average

Curve :  Y = A(1/(X+C))^B + 1  (Modified Inverse Power Curve)

Transformed Values for Regression Fitted Values

Sum

Workers Compensation
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Roanoke County School Board Appendix B

Workers Compensation

(A) (B) (C) (D) (E) (F) (G) (H)
Workers Composite

Compensation Economic Annual Trend
Economic Social & Social Percent Accident Interpolated Factor

Year Index Index Index Increase Period Index to 7/1/19-20

1992 58.8 1.000 58.8

1993 61.7 1.000 61.7 4.9% 7/1/92-93 60.2 2.750

1994 63.3 1.000 63.3 2.6% 7/1/93-94 62.5 2.652

1995 64.3 1.000 64.3 1.7% 7/1/94-95 63.8 2.596

1996 66.7 1.000 66.7 3.7% 7/1/95-96 65.5 2.528

1997 69.3 1.000 69.3 3.8% 7/1/96-97 68.0 2.435

1998 72.2 1.000 72.2 4.2% 7/1/97-98 70.8 2.341

1999 75.0 1.000 75.0 3.8% 7/1/98-99 73.6 2.251

2000 78.7 1.000 78.7 5.0% 7/1/99-00 76.9 2.155

2001 81.6 1.000 81.6 3.6% 7/1/00-01 80.2 2.067

2002 85.8 1.000 85.8 5.2% 7/1/01-02 83.7 1.980

2003 90.3 1.000 90.3 5.2% 7/1/02-03 88.0 1.882

2004 95.2 1.000 95.2 5.5% 7/1/03-04 92.8 1.786

2005 100.0 1.000 100.0 5.0% 7/1/04-05 97.6 1.697

2006 104.8 1.000 104.8 4.8% 7/1/05-06 102.4 1.618

2007 106.8 1.000 106.8 1.8% 7/1/06-07 105.8 1.566

2008 110.0 1.000 110.0 3.0% 7/1/07-08 108.4 1.529

2009 116.9 1.000 116.9 6.3% 7/1/08-09 113.5 1.460

2010 122.0 1.000 122.0 4.3% 7/1/09-10 119.5 1.387

2011 126.0 1.000 126.0 3.3% 7/1/10-11 124.0 1.336

2012 130.1 1.000 130.1 3.2% 7/1/11-12 128.0 1.294

2013 133.1 1.000 133.1 2.3% 7/1/12-13 131.6 1.259

2014 137.9 1.000 137.9 3.6% 7/1/13-14 135.5 1.223

2015 142.0 1.000 142.0 3.0% 7/1/14-15 140.0 1.184

2016 148.7 1.000 148.7 4.7% 7/1/15-16 145.4 1.140

2017 153.8 1.000 153.8 3.5% 7/1/16-17 151.3 1.095

2018* 157.8 1.000 157.8 2.6% 7/1/17-18 155.8 1.063

2019** 163.0 1.000 163.0 3.3% 7/1/18-19 160.4 1.033

2020** 168.3 1.000 168.3 3.3% 7/1/19-20 165.7 1.000

* 2018 numbers are preliminary
** Future trend estimated based on 2013-2018

Column (B):  Willis Towers Watson Claim Cost Index, November 2018
                     Jeremy P. Pecora and Emily M. Thompson
                     2002-2008 adjusted to remove effects of changes in California cost trends
Column (C):  No Social Inflation assumed
Column (D) = (B) x (C)
Column (E) = [(D) / (D, prior)] - 1
Column (G):  Linear interpolation of column (D)
Column (H) = [(G), forecast period] / [(G), current period]

U.S. Claims Cost Index
Adjusted to Remove Effects of California Trend
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Roanoke County School Board Appendix C

Workers Compensation

(A) (B) (C) (D) (E) (F)
Annual Trend

ECI Percent Accident Interpolated Factor
Year Index Increase Period Index to 7/1/19-20

2001 88.9

2002 91.7 3.2% 7/1/01-02 90.3 1.464

2003 94.2 2.7% 7/1/02-03 92.9 1.422

2004 96.2 2.1% 7/1/03-04 95.2 1.389

2005 98.6 2.6% 7/1/04-05 97.4 1.357

` 2006 101.9 3.3% 7/1/05-06 100.2 1.318

2007 105.6 3.6% 7/1/06-07 103.7 1.274

2008 109.1 3.4% 7/1/07-08 107.3 1.231

2009 111.8 2.4% 7/1/08-09 110.4 1.197

2010 113.3 1.3% 7/1/09-10 112.5 1.175

2011 114.5 1.1% 7/1/10-11 113.9 1.161

2012 115.7 1.1% 7/1/11-12 115.1 1.148

2013 116.9 1.0% 7/1/12-13 116.3 1.136

2014 118.6 1.4% 7/1/13-14 117.7 1.123

2015 120.8 1.9% 7/1/14-15 119.7 1.104

2016 123.0 1.9% 7/1/15-16 121.9 1.084

2017 125.6 2.1% 7/1/16-17 124.3 1.063

2018 128.3 2.1% 7/1/17-18 127.0 1.041

2019* 130.8 2.0% 7/1/18-19 129.6 1.020

2020* 133.5 2.0% 7/1/19-20 132.1 1.000

* Estimated at 2.0%

Column (B):  U. S. Department of Labor, Bureau of Statistics, bls.gov
Wages and Salary Cost for State and Local Government Workers

Column (C) = [(B) / (B,prior)] - 1
Column (E):  Values interpolated from index in (B)
Column (F) = (E, Forecast period) / (E)

Derivation of Exposure Trend Factors
Employment Compensation Index

State and Local Government Workers
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Roanoke County School Board Appendix D

Workers Compensation Page 1

(A) (B) (C) (D) (E) (F) (G) (H)
Cumulative % Losses

Maturity Paid Loss % Losses Midpoint Paid Column(F) Discount
Accident in Years at Develop. Paid Upcoming Upcoming Discounted Factor at
Period 3/31/2019 Factor 3/31/2019 Period Period 2.5% 2.5%

7/1/92-93 26.75 1.000 100.0% 1.000

7/1/93-94 25.75 1.000 100.0% 1.000

7/1/94-95 24.75 1.000 100.0% 1.000

7/1/95-96 23.75 1.000 100.0% 1.000

7/1/96-97 22.75 1.000 100.0% 1.000

7/1/97-98 21.75 1.000 100.0% 1.000

7/1/98-99 20.75 1.000 100.0% 1.000

7/1/99-00 19.75 1.025 97.5% 20.25 2.5% 0.015 0.988

7/1/00-01 18.75 1.028 97.3% 19.25 0.2% 0.001 0.966

7/1/01-02 17.75 1.031 97.0% 18.25 0.3% 0.002 0.946

7/1/02-03 16.75 1.034 96.7% 17.25 0.3% 0.002 0.929

7/1/03-04 15.75 1.038 96.4% 16.25 0.4% 0.002 0.914

7/1/04-05 14.75 1.042 96.0% 15.25 0.4% 0.003 0.902

7/1/05-06 13.75 1.047 95.5% 14.25 0.5% 0.003 0.892

7/1/06-07 12.75 1.054 94.9% 13.25 0.6% 0.004 0.884

7/1/07-08 11.75 1.062 94.1% 12.25 0.7% 0.005 0.878

7/1/08-09 10.75 1.072 93.2% 11.25 0.9% 0.007 0.874

7/1/09-10 9.75 1.086 92.1% 10.25 1.1% 0.009 0.872

7/1/10-11 8.75 1.103 90.7% 9.25 1.4% 0.011 0.872

7/1/11-12 7.75 1.126 88.8% 8.25 1.9% 0.015 0.874

7/1/12-13 6.75 1.159 86.3% 7.25 2.5% 0.021 0.877

7/1/13-14 5.75 1.207 82.8% 6.25 3.5% 0.030 0.882

7/1/14-15 4.75 1.284 77.9% 5.25 4.9% 0.043 0.889

7/1/15-16 3.75 1.415 70.7% 4.25 7.2% 0.065 0.897

7/1/16-17 2.75 1.674 59.7% 3.25 10.9% 0.101 0.906

7/1/17-18 1.75 2.314 43.2% 2.25 16.5% 0.156 0.914

7/1/18-19 0.75 5.664 17.7% 1.25 25.6% 0.248 0.921

Column (C):  Appendix A2
Column (D) = 1 / (C)
Column (E) = [ (B), current line + (B), previous line] / 2
Column (F) = (D), previous line - (D), current line
Column (G) = (F)  x  [ 1 + Interest Rate ]^[ -(E) ]
Column (H) = [1 + Interest Rate]^[(B)]  /  [1 - (D)]  x  [Downward Sum, (G)]

Derivation of Discount Factors
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Roanoke County School Board Appendix D

Workers Compensation Page 2

(A) (B) (C) (D) (E) (F) (G) (H)
Cumulative % Losses

Maturity Paid Loss % Losses Midpoint Paid Column(F) Discount
Accident in Years at Develop. Paid Upcoming Upcoming Discounted Factor at
Period 7/1/2019 Factor 7/1/2019 Period Period 2.5% 2.5%

27 1.000 100.0%

26 1.000 100.0%

25 1.000 100.0%

24 1.000 100.0%

23 1.000 100.0%

22 1.000 100.0%

21 1.000 100.0%

20 1.025 97.6% 20.5 2.4% 0.015

19 1.027 97.4% 19.5 0.2% 0.001

18 1.030 97.1% 18.5 0.3% 0.002

17 1.033 96.8% 17.5 0.3% 0.002

16 1.037 96.5% 16.5 0.3% 0.002

15 1.041 96.1% 15.5 0.4% 0.003

14 1.046 95.6% 14.5 0.5% 0.003

13 1.052 95.0% 13.5 0.6% 0.004

12 1.060 94.3% 12.5 0.7% 0.005

11 1.070 93.5% 11.5 0.8% 0.006

10 1.082 92.4% 10.5 1.1% 0.008

9 1.098 91.1% 9.5 1.4% 0.011

8 1.120 89.3% 8.5 1.8% 0.014

7 1.150 87.0% 7.5 2.3% 0.019

6 1.193 83.8% 6.5 3.2% 0.027

5 1.261 79.3% 5.5 4.5% 0.039

4 1.374 72.8% 4.5 6.5% 0.059

3 1.589 62.9% 3.5 9.8% 0.090

2 2.083 48.0% 2.5 14.9% 0.140

1 3.759 26.6% 1.5 21.4% 0.206

7/1/19-20 0 0.0% 0.5 26.6% 0.263 0.920

Column (C):  Appendix A2
Column (D) = 1 / (C)
Column (E) = [ (B), current line + (B), previous line] / 2
Column (F) = (D), previous line - (D), current line
Column (G) = (F)  x  [ 1 + Interest Rate ]^[ -(E) ]
Column (H) = [1 + Interest Rate]^[(B)]  /  [1 - (D)]  x  [Downward Sum, (G)]

Derivation of Discount Factors
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Roanoke County School Board Appendix E

Combined Experience for County and School Board*

Accident
Year 12:24 24:36 36:48 48:60 60:72 72:84 84:96 96:108 108:120 120:132 132:144 144:156 156:168 168:180 180:Ult

7/1/96-97 0.202 0.114 0.506 0.099 -0.049 0.000 0.052 0.008 0.000 0.000 0.000 -0.003 0.022

7/1/97-98 0.728 -0.022 0.013 0.027 0.021 0.004 0.093 0.019 -0.025 -0.120 0.000 -0.016 -0.016 0.000

7/1/98-99 0.155 0.093 0.170 0.012 -0.151 0.022 0.258 -0.037 0.109 0.000 0.039 0.132 -0.045 -0.048

7/1/99-00 0.035 0.311 -0.108 0.028 0.084 0.010 0.000 0.043 0.014 0.017 0.074 -0.023 -0.024 0.029

7/1/00-01 0.058 0.070 -0.516 0.050 -0.097 0.000 0.009 0.000 0.000 0.103 -0.050 -0.053 0.000 0.000

7/1/01-02 -0.063 0.131 -0.018 -0.014 0.013 0.040 0.068 0.006 -0.020 0.033 0.032 0.001 0.001 -0.026

7/1/02-03 0.182 -0.013 0.104 0.063 0.007 -0.020 -0.001 0.001 0.003 0.003 0.006 0.009 0.119 0.000

7/1/03-04 0.394 0.142 -0.026 0.066 -0.016 0.080 0.001 0.044 0.042 0.152 0.013 0.048 0.000 0.017

7/1/04-05 0.404 0.146 0.031 -0.060 -0.087 0.008 0.065 0.061 0.011 0.010 -0.037 0.081 0.004

7/1/05-06 0.385 0.146 -0.001 -0.012 -0.036 0.000 -0.014 0.000 0.006 0.059 0.001 0.001

7/1/06-07 0.369 -0.055 0.122 -0.033 0.002 0.018 0.108 0.121 0.044 0.058 0.140

7/1/07-08 0.025 0.226 0.081 -0.052 -0.038 -0.009 0.004 0.060 -0.002 0.003

7/1/08-09 0.953 0.080 -0.056 0.010 0.042 0.140 -0.052 0.029 -0.091

7/1/09-10 0.301 0.384 -0.006 0.013 0.015 0.349 0.000 -0.012

7/1/10-11 0.310 0.528 0.213 0.035 0.121 0.020 0.046

7/1/11-12 0.788 0.071 0.063 0.015 0.090 0.075

7/1/12-13 0.232 0.257 0.141 0.097 0.068

7/1/13-14 0.522 0.195 0.029 0.049

7/1/14-15 0.676 0.063 0.036

7/1/15-16 0.036 0.388

7/1/16-17 0.097

Variance 0.0811 0.0223 0.0234 0.0150 0.0055 0.0086 0.0056 0.0016 0.0021 0.0044 0.0027 0.0030 0.0021 0.0007

Sigma 0.4219 0.3112 0.2731 0.2262 0.1903 0.1751 0.1485 0.1283 0.1220 0.1133 0.0921 0.0757 0.0526 0.0255

Accident Selected Selected Selected
Year Ultimate Maturity Sigma Mu

7/1/96-97 $477,879 273 0.0113 13.0770

7/1/97-98 $184,764 261 0.0133 12.1267

7/1/98-99 $178,018 249 0.0156 12.0895

7/1/99-00 $165,594 237 0.0184 12.0171

7/1/00-01 $43,290 225 0.0216 10.6754

7/1/01-02 $93,990 213 0.0255 11.4506

7/1/02-03 $310,984 201 0.0299 12.6470

7/1/03-04 $388,000 189 0.0352 12.8681

7/1/04-05 $173,970 177 0.0414 12.0658

7/1/05-06 $177,537 165 0.0488 12.0857

7/1/06-07 $455,093 153 0.0574 13.0266

7/1/07-08 $221,834 141 0.0675 12.3074

7/1/08-09 $156,000 129 0.0794 11.9545

7/1/09-10 $593,000 117 0.0934 13.2886

7/1/10-11 $458,000 105 0.1099 13.0286

7/1/11-12 $245,000 93 0.1293 12.4007

7/1/12-13 $187,000 81 0.1521 12.1273

7/1/13-14 $481,000 69 0.1790 13.0676

7/1/14-15 $246,000 57 0.1993 12.3932

7/1/15-16 $443,000 45 0.2380 12.9730

7/1/16-17 $308,000 33 0.2827 12.5979

7/1/17-18 $340,000 21 0.3391 12.6792

7/1/18-3/31/19 $258,000 9 0.4558 12.3568

Natural Log of Age-to-Age Factors

Workers Compensation
of Losses in Historical Accident Years

Estimation of Lognormal Parameters for Aggregate Distribution
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