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ABSIRACT

For predicting accident frequencies, a succession of 1og-1ingar models for
Poisson data, some of which Include nested random effects, is introduced.
By appiying maximum likelihood and empirical Bayes estimation
techniques to these models, the notions of risk classification,
mode! -based smoothing, credibility theory and experience rating are
Incorporated under a unified statistical approach o loss prediction The
performance of Lhese methods is evaluated using accident data from
Calitornia
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Lo INIRODAKCT M

tneurence serves the purpose of pretecting individusie from the possibiiity of o large loss
by sechanging that poseibiitty far 1 Cartainly of u smal! less I the form of ¢ premium peid o
o tnaurer. {n thuary, e cansumer shouid be witling (o pay the insurer an emeunt egual b the
apacied tess fer the poticy par-ied. plus some atdiisne! prem ium o cover adieintetretive
axpeness and company prefia. Ususlly, thel pard of e promium eque! i (e expeciad Yess,
ofan referved to s e ‘pure premium”, daninales te eversl! cest of tnewrence

(o geerel, U axpected Jeee over the palicy poried te ot kngwn. Far insuring againet
Tonsmn which are relatively arh o o
gonarelly meks wee of Provious st ar Clohms SEper s i estimete sxcparted futise lomes.
However , tw exper tence of ey single intiividuel Is mot sfTiciently siabie o yield relisbls pure
promium estimales. For Uvis ressun, ctuar 108 gIRErally placs individusis ints closms of
similar risks, paoling el axper lence o sbisin more stabis estimates of Sure premiume.

onlly, within thase Chasens Shaid 0o &8 - pussible with regard
1 Shair rw” sxpacted lems. in statistiosl wrwe, e clessifioatien sysiem should be o good
dlscr- i inglar far purs pramiume.

Fur captive markuts, such s Gue of L o hewvily
uguistnd privets CERPIRGS, axurete ek { s promium ) n necesewry
s ardar for the syuiam (0 00 fuir awd sqeitsbl For axample, how risk ¢r fvars wha find
thamusivas In ivigh r lek Clasis Gon arguably fas! wndelr ly trevtad by 9w system. (Ses for
wampie, Shever . 1970) in compsistive merkets, an “unieir ~ clumsificst ion system of o
campany oun B8 acpleiied by ensther cempany, endanger ng the profiability of te first Low
riak ovitunle mgrapar ty Clamt/ieg o Mgh ISk CHr 188 By @\ COMPANY CEN b sttracied
we pany with & “hatter” Srsiam, laving the o igingl compeny with &
clom of Individaia whe, o averep, howe lergr lovess than Y o L
operiens (Sey Dsharty, 1981 w Tryfes, 1980.)

Companise are jaoad with canflicting reqviremants Fer purgosss of meiniaining
profitabiiity swi/er felrness, ens wunwid wenl o8 fine o Classif it ien sysiem e poswible.
Howsver , hoving e mery Clasmss would resull in smeill mesbars of individusls in @ Single
Clons, making Swtr ponied Gxper lencs wirelDie for SXIMELING PUre prem fume.

One way (0 respive this diionme 1S 10 use § relatively fine claseificstion system , bt s

436



wclober 4, 1984
DRAFT

mpom structure on the fystem via ¢ stattstionl magel. Such & structure aliows for paoting of
nfor el fon acrons CMagIr 1es yislfing more sabin eelimtes of pure pramiums lor reletively
gopeof h

Actunr tes heve long used such methods fer eutimeting pure premiums for individusls in
oolis of & cross-clensi{ionlion of risks, but heve anly recantly bagun i formulsts these methods
0 tarms of stetisticel modele. Betley ( 1963), for ecample, descr ibes sethods fur- ebltsining
ot naten of pure premiume buassd on & multi-wey classificstion. Thess are mas up of preducts
Of factors eariuted with Mevels of Sach of h Clase{ficotion var bW |# o twe-way
Clansificelten, such estimatas eke the form:

(L) Pye oYy,
"I!Pm bhdwmrﬂut”thmﬂhh"hdl.“llnﬂn

ore {actors assacisied with the Hh and |ty tevele of the firsl end second clessification ver ishies
respaciively. Selley sie caneidred adiitt ive proowdures and descr 1bed metheds for & tving
oslimatns from duls.

Recantly, substat ial ofier{ hes Desn Invastng in The reformuletian of same of U
traditionel facty inio medsl beved and e explarstion of the
consmpunces of mare comprbex madsle. S0 for ecample, Sesl ( 1969), Marris o Yan Shie
{1978), Chang and Feirlay { 1979), Massachusstts Automabeé ls Reting end Accident Prevent ion
Buresy (1981), Chamber lein  1980), Welsharg and Tamber 1in ( 1982), Tomberlin ( 1982),
vl Wetsherg, Fombertin and Chetterjas ( 1904). 3ome of thass methads, ss well @ the more
Lraditionet ectuar tel methads ere deacr ibed in Sectien 2.

in Section 3, 4 simple madsl for the clelms ganerstion pracees (s introduced 1 ellows for
peration of the two components of 108~ - the frequUERCY COMPONERt, how meny Clolms ars meds;
and the sever tty component, how much thes sach Cleim cosl. in Uvis paper-, we concenirsis on the
pr of the frepency of loss. Tha sever fty component can be trested @ »
continuous varieble, and standurd linear marel enelysis employed, parteps sfer @ suitadie s
translarmetion.

Dete cors 0 the frequency of haas are gixcrete. Furthwrmore, kr
Indivicusls, the rengs of chearved numbers of eccidants is quite fimited, snd enelyses tadlored
for count dele ere regquired 1t is commen (0 snpreximete the disir ibution of the rumsber of
Clbims with aw stnghe | by o Potssan. in Sectien 3, standard mex imum
Hkalthood methads for Titting motels 1o Polsson date (n & crose-classification are reviewsd end

437



Oclober 4, 1984
DRAST

ampirice) Seves eslimater beams on rested rance offects madels are Givelopad 1 Is shewn et
thaus madnls incorporels e souter kil notiese of rkak Classtfication, credidiiity theory ad
axper on reling Secussed 0 Sectiten 2, i o unified, modsl beand estimetion procedurs. A
mors complels demy il ten of Vwes sstimelng end weoctuted sigor s can be feund in
Tombar it 1902).

An ovehustion of the pr L bessd on accidhed dels from Caltiarnie ts presanied
W Seclinn 4. Theee dule ore \shen fram the Longttudingd Stuly of Califerrvie Drfvar Accidemt
Freguencies conducied by the Calernia Depertment of Meter Yeivicies {Kweng, Kumn and Peck,
1976). Alwagh Aot insurence dute, tris dule set (e aapacielly vanfil for wa reasne, it
caniaine gete s nfividale, 2 1t i3 longtxtingl. Thew twe charsctar istics ol low for an
avebvstion of 0w yeRr 1D yesr prediction Capabi 1 ies of Whe @talied mode! Dusec estimetss of
ciolm freguency descr thed th Sectien 3.

Firally, conclusions drewn frem (s sludy . & weil s directions for further resserch ars
reporied tn Section 5.
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2 IRADITIONAL  ACTUARIAL APPROACH

Much of treditionst actusr is) practios in estimeting pure premiums b not besed o avy
axplicttly sisted matsi or el of sstimetion principies. (See for sxample. Stern, 1965.) His
thersiere nol claer undsr what conditions such methads provide adequels infor metten for setting
NSUranOs pr o bums.

Gunarelly, duts for estimation constats of the Cleims experiencs for & populet ion over &
iven pariod Pure prem ium sslimeles e abisined by colculeting the cbeervad per patioy
sverage Claim cont, 18,

Totet Lovess.
£ imetad pure promium = ———————
Total Exposur-ss

whis's # S0 Fapresnts an Ieured risk ever the tme periog of the INSUrence contrect
For most practioal purponss, the mumber of exgosures can be thought of es the aumber of
Individuely tneured

21 Risk Clansificalion

1f thare 15 remon 0 Se¥ieve that pure premiume for inghridusty in the poputetien are
quite homareous, or N the cosl of snsurence 8 10 be kept constent acrass Y populetion, es for
Sxample ta the cae far My campulsary hesith ineurence schemes, than the simpis pure
Promium oot tomets daacr ibad shovs should be atsquaste  Nowever , H la sare coeman thel purs
promiums vary wrom Vs ose which reflect tivis diversity
ore reuined

Ganareily. thess astimels s abisined for Subgroupe of the papuyletion by Ieposing some
Kkind of classtliation systam. (» msiomabiie inmuree, this uselly conetets of &
orom-cleast(icstion by two or mors verisbies. For scempie, tessectwenstts in 1978 usd s
driver class varisble with 11 cotegor s fermad from & campie cambinat ton of individesl
O fvar charscier talics a5 are dWmangion of the clessification. Fer e ather dmensian, poiicies
wer's dividad o discrele terT{ar tes ecarding 5 whare the sutemcbiie was principelly
oraged Thass gangrephicsl subidivinions were inendad ie refiect ver el lons in \reffic
condH ions end other risk factors reieted s koslion. ( Sheyer, 1978)
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12 ¢renium [stimation for Crame-Chessitications. of Risks

One of o most commen methads of prem lum for such s o [
0 spsume thet te effect of being in ¢ particuier & iver chass is '6 ety Uw pure premium by ¢
canstam MmuMiplicetive facter, and W offect of being 1 @ particuler tarr Hory & another
comiet facter . Such ¢ meiip]icetive methad wes prepossd by Abmer { 1957). Apure pramium
ostimets for the Hth ool ke te form:

220) wy=yy.
Mkml'ny,nrﬁrub-mmu
10 1963, Botley Suggasted 6 OF Ner Ion far dierm g the relel Wities I & mult!-wey
L i the nwitip mathod should yiel ceit which
wers “hniunosd” for each of tha clessification ver iabiss. By “Delenont”, Beiley mest that singie
var table margiont entimeled purs promiume sheu'd 5 syl 19 the correspanding marginet
abeerved pure premiume. in & two-wey classtfication, the requirement is that

{222) ll|1’ﬁ" Ing =py
1

Exevyng /0y o0
\

whare,
(223} my « mumber of sxpomsres in call
Dy = chwmrved purs pramium in celt f
[N -In"p.’ 1y = marginel chaerved pure premiom in the Hh row
)

Py -In"p,‘/n] « marginsl cbearvad pure premhum in the |th cobumn,
)
Tho oot of oquattons (2.2.2) can 00 soived tieratively for x| andy) . 8 Sectien 3, 1 18

shawn thel the aame estimetes con be ablatned vie the Hersthve proporilenel fiting (1PF)
#iqur ithen duacr tbed by Deming end Sephan ( 1940)  Batley lermed entimehas cbisined via

440



October S, 1984
DRAFT

(222), " bies - ' want on ' prepose et ive et imelen
saltsfying smiler belancing constreints.

Salley's mulliplioative method ssems L heve been w idhly stophed by the insurence
industry Indaed, U letset reference e the subject of purs premium sstimetion in the 198 ¢
curr ioukam studied by cesusity actusr fe) sluadints in preparstion for thetr sueminstion was still
the 1963 Betloy pepar-

Racantly, ver lous dewestigriars hove praposed adsi bve and muiL ipliost fve stetistios)
madets e purs pramium data in cross—Classificelions. Chang and Falctey { 1979) and Feir ey,
Tombar fin end Weisberg ( 198 1) used lessl squares lectwigues far astimelion basss en ANOVA
type adtitive modbis. Sent ( 1980) propessd e multiplicsitve medel, end Derv ig end Conger
(r Reting ent Acctiamt Buresu, 198 1) propossd  hytr i
made! which conteing the adii{ive end mulliplicative madsts as spaciel casse. Far oll ree
madeis, te asthers used heest squares 9 estimele expacied KORSs O pUre premiums.

23 Crafibility Ihesry  Experisscs. Sating Ear Clessss

Even befare atipling the siruclure [ o Saciton 2 2,
actus ies were using Bayesian, or Bayesten- 11ks pramium estimeles which they called
cradibility estimeten n their simpiant orm for ¢ ane~way clamificst lon of rksks, aredibitity
eotimele 0an B9 axpressed =,

@30 8=Ips(1-DP,

whare p, s U cbeerved purs pramium i De ith class, P is refarred 10 as the “menusi” reta,
based on & lerge sumber of exposures and s regerdsd an ¢ constant, and 7 Is o coredibidity
waight chosen w0 08 @ reflect the emount of infarmetian i the dbesrved pure premium, py .
relovent 10 the i risk cless.

As originally proposed by Whitnsy ( 1918), the Credi! 1ty weig 7 was cbtsined ustng
Bayesian ressaning Ho sssumed thet claim sovar ity wes conetnt, 30 thet premiums covid be
doterminad solely on the beste of the rumber o frequency of cleims. Further, he madsied the
rasnbr of cleims In the fth cless, 1) , 58 binom el with parameters ; and n; . The paremeter o
was assumed ' 08 & raslkamtion of & narmel rendem ver ieble C having meen u end vertencs <
Ho showed Ut the mers of the poster lar- distr titon of g, ghven the dete 1, could be
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worimetet by
1,9 el
(232) o=
LTy

Further, f each cietm cont ane unit, Bhen (2 3.2) can be re-mspresesd in e famof (23 1) &
n P .

(233) wympy ——— sy ———
n2eu nou

whir's the “merusi” rele, P, is mt o the mean of U prier distribution of L. end the credibitity
woight te ghvun by

R

(234 1~ -
aoep Fog/n'

Whitrey want an I oanauct ¢ K ing of ampir ol Sayes enelysis, el imating the paramelers
of hiy rrwed prier from e deta. Latar A L Bellay { 1950) sbtained sie ller cregibility
facturs far Sete-8 inomisl mudets, s Swal { 1969) for Hormel - Polsen eng Senme- Petasn
[

Submsguent t Whitrwy's lndmark wart , preciictng eciumr ies asem 16 heve ket sight of
he undar lying Bayusien neturs of Credibitity theory. Instend of sttampding 1o estimets the scale
parametars of the prier disir dution frem the dats, they lcused an develeping simple, essy ko
e apprewimet e of ] as @ funclion of the rumber of expoms ss or aumbier of clalms in the
e They noted fram (2.3.4) thet for & lerge number of eposres, #; , I approsches ore  They
than sat shawt identHyn) @ intmum reguirements fr setting I ' one, a conditieon they el led
“Tull credibitity™. Theor arien for attaining fuil credibil ity was sumet isves beved en the
UMb of GXPOSres, Snd ISie MOre COMAGNlY on The numoer of cisims. Fur eremgis, Slern
(1965) In tria clussical review oriicis ranommendnd that & Minimum of | 084 clsims be
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observat for setablishing full credibiiity

Hoving sst o sendard for full credibilfty, there remeinid Uw nesd for & mesns of
determintng 7 whan the o fiarfon for full credtbii ity was not mel. Yer ious functions relsting
the number of sxponsres or number of clelms b0 I for “purtiel credibility” ware considerad o
the titersture. Norberg { 1979), In en extensive review of credibiiity theory termed this typs
of cregiolity “Thetied Muctustion Sheary ", He traced fts origine 10 @ paper by Mewarey (1914)
which was slensd ol dobr-ming 1he emoumt #f GPEr IS0 NSCSRNITY far SDANINING & “Gupandibis”
Pure premium eslimetd.

The or sgine! Bevesien nelure of cradibility theory wes re- introduoed i practicing
actueries by A L. Belley { 1946, 1960). {t hes since received much stiantien. Ses for eample,
Norbery (1979), Kehn (19735), and 8. (1970). A crediblity @ee
wwey with determining minimum acpertence Ser “full oredibility”, sinoe thet ls enly echisvas In
the timil. Furthermers, qpprerimate frmuies fr partiel aredibility ere nel somded On the
other hand, o prior distr ibul lon mwast be specified, sad technigues for sstimeting Its perameters
0 allow for empir ioal Sayas sstimetion must o @ivised One such method based en normel
priors ki abesrved purs premiume was sugpasted by Horr i end Yen Siyke { 1978). Another
beesd on tag-normel pr- lors for expecied cleims frequency ie prepomd tn Seciton 3 of ihis paper

24 thacll Astiex  Cxparisace Satiog. far Ladividmis

ABeyesion or empirical Bayamion enalyvie Cun be appliad 10 individusl risks ¥ » manner
st tler 1 Bayasian credibility far clasgss. Thvie hes besn recognimd fer some (ima. (Seel,
1969 and Buhimann, 1970.} Howevar , in practics, merit rating is generslly encomplished by
e3ladtishing snother clessificet ion daterm inmt By previous iose axper lence. ( In edfitien @
provios leee moper tenam, the use of indormetion on treffic visistions ie slse referved 0 e marl
reling Such systems &'s Aot coneidares hers

One commen mer It rating schame coneiels of krming var iabh wingd
by the aumber of ull yanrs sinos the indtvidusi's letast aocident or siecs liossing. {Beltey ot
Simon, 1959 et Ferreirs, 1978.) This classtication varisbis s then tresied @ ey other nd
Chass reintiviites oe computed in the ususl menmer. Nole that o number of years of dele Is
raquired for such & systam. Seversl years are remdiad 10 sstabiish Class membership.
Releiivities are computed besss an the actusl ioes exper ience of these & ivars In o subsequant
year
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There &e yome cbvious shartosmings i this type of mer # reting scheme. First, dste
required for setting uD & mer it Classificut ien ver iabls carvel be uaed for calculating purs
Premiums o 1t b Aot Clear Ut SHiS 19 U mast ofTiciend uss of the weelth of e et 1.
ovellebla  Second, no uee ts mate of the el ondir g In KR B ClENNT OBt ion ver sbie
Fore reliadle pure premium eotimates couid probuebly be abisined by imgosing mery siructure
visemal. Kwong, Kumn and Peck { 1976) did just thet ustag Hnser regression medels o heic
wwiysie of acitent rulas in Colifarnia Finally, whan maril reling surchergm ere eppliad

of other Var ibies, Ve Sdarract ben betwasn the w0
aparet ong - - macsl - besed weeokiving and mer 1 reling- ~cannol e predicied Such st cass ¢
Vs Messactumstts system tecr hed by Ferreire ( 1978).

Racantly, ther's has bean & Move 10 Py U tele of Bevesion Grebii Ry theary i e
prablem of tndividusl mpertence reling Roigh (1961) Gmor thes = ewpir icel Seyes
wpar toran reting schame for susficel melgractios Imewrence which is buses on gunme-Polsaan
madsls for Ireuency within reting classss  Jebewirth ( 1979) end Htmen { 1960)
cnsidered mathuds for incerporeling the twe stagm of cradibifity esiimetion, descy 1bed here e
CImm ot iy ksl SRpar nCe ruling, ieio @ single CEMgrehINstve methobigy. Dvwirth
prepossd » k nd of empir ioel Bayes entismetor k- indivishssl expecied clalm fraguencies besed on
a hiorerciviost m of priers fer \ndividusis within clussss. 0 sach onee, eutimetes of pure
remiune for aividusls ors shietned vis Credibiifty heory of eaprenriste levels of
agyregtion

in the fellowing mction, we prepoas & methad fer 3ptting pure premiums wivich 13 stm il
0 5pic i 0 tose proposed by Zehnwirth and Hickmen.  Thers ars twe principsl gifiersnoes.
Hackman used purs pranium dale whare hare, dels on cleime frequency and cisim ool ere
tresiad sparsiely  (Actuslly, Nackman's moels are Dewed on Jose ration which are defined lo e
B0 retio of lotal Jonsws to Wisl coltected premiums.  This duete formal is commanly used by
actuer-is, bul ssms I0 this euthor % b8 unneoseser ity complioned. )} The epprosch proposes
hers slon Ioorporwies Made! ot nales wing the strcture of Orams -Clessificetion of risks
whare buth Jetwerirth and Heck man's models ere simed wisly 8l dar iving credibility estimeles
v 0 ane~ wey Chsst!iostion.
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A_HODEL BAND PREDICTION OF CLAIMS EREQLEMCY

3.1 Mechesiic tiomeia far leswrsace Dsts

Modls for the cisime generetion procms ganaretly focus on the tolel loss essocieted with
cletms gmersted by en individusl ar graup of individusls over g cartain par tod of lima. (Ses
Buhimenn, 1970 end Sew), 1969.) The praoess 13 generelly madeiied e two indeperaent
proomsm, the dexcrete accurrence of Cleiea, and e clelm amound essacieted with exch
Indtv idust Cleim

Lot f be the number of Cleims macs over & carisin par tad, ¥, be the Cleim amount

sesoc teled with the 1W cleim, end

'
(311 =1y
f

be the tolsl lose fer the periad Then aasuming the two procesase ere indupendint, the
Cumuletive distr ibution function (c.df.) of L con be ewresssd s,

(312) ML=IRNP (),
~0

whera Py” ts the - Rokd convelution of (e c.A1. of the Cleim emaunt verietie Y

Providad (hel the p.d T3 of { and ¥ are ressonsbly simpls, the moment ganer-et ing function
of L can be essily dertved fram (3 1.2). However . 1t is vary dHYicu!t %o gt exact resutts or
ven good approx imet kng for the dbetr lbution function ieell {Sesl, 1969 e Beerd,
Panttk i and Posner , 1977.) Gurarslly, simulstion stufies are required kr studying the
offects of changing frequency s sevar ity diatr ibutiene.

For purposss of pure premium astisetion, &ne nasg Aol be conoerred with the comgle
form of P(L) Ae WG as the twe procemme, requency end saver tty, are independat,, the
perameters of (e two can b indapandent ty ast imetat.

Rether than summer Lzing the date usieg { 3.1.1), by ating Wasss over the per-iad, et the
deka far the ith insured indtvidus) be given by,

(303) (1.0 = (.00 0D, ),
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Ml'bhmdtkdl'“) is the cost associetad with Lhe jth cleim of the ith
indiviml Fer | gromiar then f, , (]} o dafinad te be zera. Then, H thare ers & individusis,
the likelihand of W dats s ghvan by,

n L]
(3000 Wpr.xg) = Wolny ] 1) pis)
(] -1

Further, o (e Cloim emaunta x,( 1), | € 1, ore essumed truispandant St iceltly

dtotr Moustad ard Stapincet of 1, Bhis can e sheglified B
L 4 " n
(515 Wpcry) Wotucys 1ot Wacr) TOA W ol i

et w1 - gl

From (3.1 5), 7t com be saen that 50 ng as the diatr ibutions of fregancy ant smount heve no
puwemphers tn conmes, awl the parensiers of te tws dislr avam il
they Cen b0 estimated sspareledy

The sssumplion thet the paremeters of the freguency snd sever fy dist ibutiona should be
intapandend 13 aen-triviel Juwel! { 1960) notss thet carrelutions butwesn fregeecy end
Svarap clolm ol hove basn ehaarved in studies of sutesmabile Ineuresncs Clalme. Such ¢
phonmmant Giuid scowr ¥ ¥he paremsters of the two distr wtions were relsied  Thare are two
ways ko adiress sch o dapandance. first, the relstianship seteess the two 3ets of paremetery
could be medeiied, and inchuiag in the 1elthood Mowevar, the arelysts of date bused on such
mabis could bs gits Second, the b reducad, if ot et insled, by
Coniitigsving on sther ver iebia.

n tiis pupar , the prabiem of pamsibie reletionahips Getwasn freguency end sver iy is not
wdironul inend, weo enly consider the prefiction of e freguncy Conponent of lase. Howerer
eslimation Cangitione! en categer (08! var b ies delining 8 CroRe—Clmmsiicst ton of riske 1s
ansidered, end thus, the seethaiplogy ar retcing te r by condit [}
Welsbarg, Tomber §in, ot Chstterym ( 1964) dancr iba mn empir-icat invest igetion into the
onnesgurcas of trasting ¥ twe components indapenciently. They conchugs thet such a
owthodiegy ke nel adverssdy affact the quelily of the estimetes. This chemrvetion, coupled
with the mere extenwsive st of methadbiogies svel leble justifies the trestment of the two
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camponents separ dsty

12 tiedula ter Praticlieg framemscy

Adopting the pion thel ecidmnts snd Yolems oocur vie s Poiasen
praos, U frequency, T, aseccieted with (he an tndividisi fs ¢ Pofsson rendm ver bl with
paremeter €,

328 pnewtelsa

We proposs 0 predict thess reles w3ing & ar jes of k- 1inear madsls , incorparating, In
succsssion, the thres actuerfel nottons of risk classifiostion, credibt ity and eper tence reting
n o unifarm atfsitonl theary of estimation.

For purpoms of hastrwion, the populetion of policy holders ks easumed 10 be Clasaifted
by two csteger ioel veriehies. The ndiam (1] X} refer 0 the Kih individusl within the Hth onit

of the oroms—clessificution. Lel ny be the mswber of indhvidusis within the 1t onl, wnd let 1),y
repressnt the number of events cowr ing 1 the Kth individusl within the Ijth osll during e
wllﬂwﬁdtm_nlwn-mh-oﬂtﬂ:hfm
rrmmmmmw.nummmwum.r,‘,
. 3.0twir ibuted a0 ¢ Potsstn rendum veriehie with ivensity prameter Ly . Thet 18, within e
o8l Snctvickmis are essusad 0 heve & Cemon intsnatty parieter. For e madels, el

(322) ty =Tty

represnt tha Wisl number of evants oocury ng 1o Membders of the || th ol "-H" -]
mm--m-mr-unvrnhmmn,,c,,.rrmmuwm
mhmnmhﬁdd*dhwmmﬁ”,

The simpient eotimuls for mavnbers of the §jth cail is the within cell meximum 1t thood
d“dl‘.‘,_luh\” This precetiure incarparvies thw rudiments of o risk clessi(icstion

sysiem. Individusls who ore thoughl 1o heve simtler sccident prapensitiss an the besls of some
ot of ClaasiTiont \en ver-tebWs ore grouped togeiher , end ther popied wocidnt exper lence vesd B
pradict future accice retee.
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The stmple dascr » from e ty sslureted
log- Yirwar maded:

(3.23) MODELO. InCy =Ty = e y(y) * wyp) LT D)

An much, U 4-lerms e nol unigue, Bt can by meds e Iy adpding the ueus! enelysts of
var lance metil canetraints,

(324 Twyqqy=Tuyy) ~Tusy) =0
[l ) [}
Sev Biwhup, F lanburg nd Holtend { 1975) or Habar'mana ( 1974) far 1 more comglsle
Stacuseien of log-treer moteis far caumt dete i grarel, and far Pelsem dole apecifically.
l.dl”r*bhu-h"bmnhﬂl.ﬁ-hmhddu-nbdl

colle tn B crom: K _,-‘lhh—l-n-WIhL" Lot vy
roistionahig by drsied by

(325} Cylud=mmplu < uygq) « W) * -
Than. thee 11kstitund of the dete i3 ghven by

ool -Iny Cy(al W ey(a)fy

(3286} piflw)=
!
Thodel O #3 " and oarr of axpacied ooll frequencies
ars Smply the chearved call Ir Thars s o iarmetion betwssn colts. for

every lurge pupuisiion or sgie with sufficiest number of individasle within ach coll, Model
0 sstimetes muy be accepiabie. Howswer, 1 16 mere commen for ol Yut same colts 1o bs W00
mall ts produce westul estimelies. in moch oomss, ntarsel lon frem calle within e seme
cutagary of ol leest o Cheustfcalion ver e e cun be vand & proshan mere slable eutimelen.

An decy toed eur e, Badiny {3960) v { 1963) Wi o
Pure premium dia by ver ious sdditive wnd muitipliontive estisnetion methah for freguency
duia, & similer oftect can bs achioved with ¢ lag- 1inser modsl having no terectien rem
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(327) HODELI Ty =u s wyyy * Up)
In fact i b9 shown in Section 3.3.1 thet Iaolthand ased on Medl | I
fraguency deis are numeriostly equ 1o Baliey's bies mathod”
asiimetes for pure premium dels

Marvy timas same ceilts of 4 clessificsl lon contain enough daie 39 thet me peoling scress
cutagor ten Is necossary, snd Model 0 would saem spprepr it However , olher colla within the
sama clustficsl ian mey be amel! o0 thel some pesting of dute aoruse outager iee, an with Hadel |,
fsrequired in fact Modeis O end | e twe axiremes, and some Camprom (99 § appropr Wt ueing
ndlyidusl oal| dats o the extent et it 16 retisble, whils sllewing ler some pooting of
indormetion across oslager ies, 48 required

Fram » statistios! perapective. 11 makes 20nee 10 view the astimet lon of ssvarsl Poleson
retas on 8 Multiple parameter setimetion problam. Shein ( 1965) cunidersd sxch 8 preblem in
eslimeting » vctor of nrmel meme.  The astimeter e doveleped “shr inks™ ol) individusl
oriimelas towerds S Comman point end can be shown 1o dm ingis the clessicsd unbieasd
enlimelor under soverel lom funclions, inclusing spusred ervor loes. The dacieton thearstic
work of Shein hes bean exciencied to includs the simuiiansous ssl metian of paremeters of
nan-normel populetions, in particuler , Poisson mesne. Ses e excample, Jumes and Sietn
(1961), Clovensen end Zick ( 1975), Perg ( 1976), Hution end Taut ( 1981) and Albert
(1981). For he present app! , Uons here Aege of requic ing
that the comman s inking poinl® be apecified prier o anslymie.

Efron end Morris (1972, 1973) uset Bayes and empir icel Bayes justificetions fer their
Jamea- Stein type sstimetors Undar the esnpir icel Bayes epproach. shr inkage owerd en
unepecified comenon meen is sliowsd Using ver iancs stubllizing t7-eneforwet ions, Carter and
Roigh { 1 974) appiied these narwel thaory smpiriost S.ayes estisetors to binam isl dats for
estimating prodabi | iee of fatse (e sleree.

Here, log- lineer medels with (ixed and random affects are employad for the purpams of
multiole paremeter sstimetion wdr @ ampiriosl Soves fremewart. Sim{lar sethads heve
bueen amployed in the past b 1he context of mixed Vinear madsts, though thetr conwuction with
Bayesian ressoning hes not besn explicit. For eample, Hendarson dir ived esl imetes for
indhvidusl rendom effects besed an the essumption of @ known function of the verience
comporenta. Hie wark is repor-ied in e paper by Henderson, Kemgtharne, Sear e end von Krosigk
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(1969). Estimeten Gveiopes here are similer i apir it thaugh the ver tence comperents ore
paramsturs of prior Sholr Wntions.

Woatpl e smgir el Sayes sppresch iermed by Har 12 ( 1970) “wnenth smpiricel
Sayes precmhures”. A Commen pr-ier dinir- thulion 15 spuecifins for o greup of paremsters. The
perumelrs of $he prier ore then sutimetad frem the duie T inelly, Soyus extimuien are farmed
wning Y sstimeted orier guraneters.

Far Poiousn daie in otager e, the canjugelle prier Je the Sl iver iste gamme
Sotr-iution (3w Fianberg ond Holland, 1973, However Shie priar dess aot saadly oflow far
e ecpintiation of B straciure in & cantingancy lable vie the ume of lug- linew- medhis. On the
alhar havd, e muitivar-isle nermel diskr loution sigls resitly s e Yoo, ANEVA type
moivis, wd has recoivad some sttentien

Laird ( 1975, 1978) employst nerwel priers i log- Hinmr mutsls with (ued and
rendem offacts 0 shioin espir iosl Bayus eetimetes far cofl prebebiiitios in o il iwey
contingoy tebie. Tie dovalepment of frequency prediciars bumst en B lellewing twe nabis
drowe taavily an thia werk by Leird

Ong can sbinin enpirical Seves astimates for caunt dale In ¢ lag~ Yineer maml by
patitying seme of e paremslars &8 rondan. instusl of drapping telarection tarms, we spactty
U 8 randum oNets, and easums & Aarwel o ber Glolr hutton for them. Censidar,

{328) ruoEL A: |n‘ll0l|“)’oz("00|z(")

(329)  «yq) - WRW(007)

In offact, this specificetion meuns ra g oriar) infermetion ixisty indiceting syviemst ic
dparises fram Mol §. For swel) calle, the prior distr ibutien ( 3.2 9) dominsies the
postarier of e 4 ¢ ;) Wrms, yisiing pastarier sstimelse which e clom 0 w0 Tiwe, the
dn-wm.q,.ﬁ-mwuncbhn-mmumm
Mool |. Outis (res farge 0afle damingts Drier inflermation in the pester ior distr ution of the
interection tarms ssmuciohed with thes colls 9o thal the carrepending ast imeled fregency reim
ore close o ahearved retes. Thet is, undwr Mudl (1, lerge anils predus estimetes Closs i tose
aininad wnitr Mol 0. For modirste slaecelle, Mads! 1f yields sstimelm which ere o
ompromime betwesn Models O end (.
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Cstimetas witich cambina informetion fram indhvidus! exper ience wd pesind group

e 0N ire Clssioslly referred \o 58 Credibitity y e ( g mail
(] * oal) ] Sifiererd bat B ten ts (e sema. Actusr i

hove noted that weighls for combining individusl and greup Sxperience can be sbieined vie
Seyssion wnelysis. terrts and Yen Siyks ( 1978) heve pie ionl Baves
for treurence pramiums in ¢ one-way clessificstion. Mads! | demonstruies thet methods o
combining pacied 0nl! estienstes snd made! estismetss for Pateson frequancies cen slas be sbieined
¥io empic icol Sayes tachnigues.

Laird ( 1975) showad thel apactlyingu, 8y, and 82 4 bmd affects e squivelent lo

placing e flet prior on thess Serma. Thus, we hewe the joint distr ibution of f end ¥ given by
(3210) pru|a?)=pit]u,?)plul?)

wpl -Eny Ly (w)] ey (0

12w 3} meplEuy o 4y /20%)
LI

€ach of Models 0, {, et 1 share the ssmamplion thet within 8 coil, individusie heve &
Common undir lying prapensity © - ¥ thelr amber of
Ly - Severel studies have shown that substantiel ver ietien fn eopected aceidind robm axists
amang individusle within oslis of & crose-clasei{icst len bessd on commenly evellsbie veriebles.
Sen for sxampie, Cossy, Passir end Spstzier { 1976). (n fact Uw dividusl iskensity
parametey, Ly hove 8 flatr ibulion within colle

In using o common call everegs rels i sach individusl within o Class, (hoss Sndividule
having lowsr than sverege exidant pr Gor Ut higwr pr
of their feliow @-tvars. As noted in Sectien 2, such penaities net anly coll indo question the
foirrons of the syetam, but eles con endanger the profiiebility of o company.

The wee of individunl cleime histor tes in satting retes is referred 10 & “wpar lence
reting” (Sen Felkk g Bolnick, 1975.) 1 is ususlly epplind 8 group paticies in hesith e
workmen's Compenast 1on ineurence whars the stper ience of the graup mey well be substential.
for automebily insurence, the use of individus! Claim expar ience, igether with other individush
Informetin woh e records of (reffic violslions, in setting rutes is referred 1o o8 “mer it
coting”. (S Farreire, 1976.) Ususlly these mer{l reting systems ore st up sparwisly fram
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e clamatficetion systam , end irwvoive 8 surchargs ar toma applied ts the basic rele fer
Individusle in a coil.

By afiing o trm for trfividule within Classne 48 Mudl 11, the Aot len of exper Senoe reltng
oun e incerpereiad within o uatied sppreach far predicting accidend retas beand on & siat istics)
il

(32.11) MODELHE lyy s us uy(j) * #3() * 12(y) * “1231)
(3212) wypy) - NORW(ORD)
(3219 wyp5m) - MORWL03,7)

Aguin, s with Podel )1, speciying v, | , nd w3 89 flasd effects ts aquiveient lo placing Nt
priors on tham , and the joint divir outien of ( snd w e given by,

(32040 1,013,252 = 110,32, 02 piu ] 02, 3,2)
ool -X Ly (0l Mgy (0)hip
o 2w 3wl -1y oy 2y 1
L1
1420 0] P a | -Tay 23 g0y 2/ 207 )

Thum, by edtiing Warms 0 motis, W actuar il noliens of risk clewst(icalion, oredibiitty
ol wxpar tanos reltng oun b9 incargoreled i & sings, unified sietisticel appreach. Now , el ws
arn o stientton W der fving extimetors far thes modis.
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13 tiode] Based Estimates for Predicting fraguency
331 Hodels Oand
Tode] O dmcribes the duta, f, s arising from R C indapendant Potason procsesss, with
mwmn"f_” within the Hth call. No relationship betwesn ceils bs implisd by the
mocel, 03 mvec MU [ ike! Ihood eel mveles &5 ablateed i the ususl Menner a8 (he everegs re
within sach call  [het ¢, under Madei 0, the estimeted individus! sgecied accidan rotes are

(331) Ly ~fy/ny

Madel {, on the other hend, ssts up & structure relating the individal csll rete. The
ket thood of Uw dete is given by { 3.2 6) whare

(332) Cylw) =mplu e uy(y) * uxpy)

Haximum mﬂmumqu, are the solutirs of the narmet equet iong:

»
(333) —mplflu) = 5L -my Cylu) + 6 )= 0
» "

»

(334) np11u) = I -nyy Cy(w) o tyl=0
uy(yy !
1]
(335) —tp(tlw) <Xl -y Cylud ¢ fyl e 0
L 0} !

Hole thel (3 3.3) le imptiadby (33 4} and (3 36) Furtharmare, defining "y 10 6o the
wxpaciad traquancy in the 1t calt, and using the ususl “dol noletion” , the normel equetions
simpitfy o

(336) "y a1,

(339 ey,

That t3, the normel squetions imply thet the meimum m.ummdum-du-r." should be
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nh that the rasuitent fittad frequencies heve row and cokumn mergins which metch the
Wheirved riaw e column margine.

Hatarmen ( 1974) shows What the 1PF slgor 1th can e apled for S0ty ing thete normed
ol iena. lhmMm.bhm»oih-m.n" Enlrian W the able
e than respeled axamively w thet firet, sstimetnd row murgine meich abesrved row merging,
ot sscond, estimetel coann MErging Match chenrvad cohsnn Marging. | larel tens vt inue
i epmttons (3 36) and (3.3 7) are mattefted

Nate Wl thess conelreints far estimeting f-equencies &0 the sums & Betley's { 1963)
Salencing conetramts (2.2 2) for wstimeting pure pramiums. Thus, I omn esily be men thet
Seliey's bim - n e ovent thal cletm
ver ty 6 cmetant. In wiition, s yiskds an elterrutive msthat far ehisining Betler's
ostimaten. By shar-ting with o teble of axpamures, nyy . and using e (PF aigr e & farea the
ootimetat tolsl mergie! louses & melch chewved merginel lemmm, the belarcing constreints on
purs gramiun estimales con be satiofiad

3.3.2 reisie ¢ and HI: Dayes astimetsn.

A trasitiane) Sevarten enslysts of Matl 1) requires bw specificatien of the pr for ver fence
of Beuyyqy) Wrm, i, inadrarce Estimation then s based on the poster ior diats 10Ution of
e u-tarme given ¥ ot the chesrved frequencies., 1.

wr )

(33.8) sloit . ?)-
FUED]

This sxprawsien fs $fficult o wark with sneiytically becsuse of tha intractabis integration
ronuires \s St he e insler

Followireg suggtions by Leird { 1978) and Laanard { 1975), the poster lor distr ibution
00 { 3.3.8) o be appreximetad by ¢ narmal distr lution heving its memn ol the mam of
# )l 27) and e cover tenca metr ix agusl 10 the irverss of ¥ 390Ind & val ive matr b of
ploif 7) ovelusiod ot the mats. Inaffact, this is an moras imetion of the kg poster lor
Gtstrioution ot 1ts meds by 8 quat-slic in . |n Caiculet ing the mods and 3econd dar- tvattve
ke i, e donam inator of the right hand side of ( 3 3.8) cen be ignored since It duss nol depend
;me.

The smetinl valuss of e u- ker 4 cen be determined by setting the corresponding er{isl
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dur tvetives of the poster ior disir ibutien 10 28ro snd miving For mein effects this yields
opaticw (3 3 3-5), where here,

(339) gylu) ~amplus uy(gy+ wyg) * w0y}

Conasquently., the mesn far the norwel appraximetion of e poster-lor disir ibutien under Madel
11 musl yiold expectad mergiesl freqancies wivich melch cbesrved marginel freguanctss. Thet
te, aquetions (3.3.6) end(3.5.7) must be selisfied

In aiition, e partiel dr tvetive with respect 1.q o () st be aro,

(33.10) nglt ul )
&2
2y

" e v vty

«0

lnhmwﬂhw.—‘mﬂuhubmhunﬂ n the fiesl

fithmd froquencies ssecteted with tlads! |, 1 Can be WS 10 pressrve en erbivery, pro-spactfied
Intaraction siructare. By starting the slgor tihe with the velus -du,z(",) in the Hth
onll, the modsl

(3315 Ity =0+ wy0)) * vy) * o120y)

con be M1, where u, ¥, 6hd up e wapecified
Using thess preperties, the set of equatiens ( 3.3.6), (3.3.7), end (3.3.10) can be solved
with the following Harstive preceture. First, 3ol the u; o¢ ) equel 1o Jers end sove ( 3.3.6-7)

uring e 1P olgoritive starting with Ue vehus ny ia e 1ith call. Thet ls, fH Masl . Secomd,
using the velums for u, Uy ). anduy ) ablsined frem the IPF siep, soive (3.3.10) ter
12(1f) Wing & Nowten~Rephemn olgor it Cycle back (0 the 1PF step, starting the Hth call of
Ay SepL0) 20 1)) N0 300ve for 0, Wy ), By Thel ts, 11 mackl (33.11) , Mlaing
V12(1f) W e velus abuinad of e provious shep. Continue 1 O/cie back end for th unti! the
igir 1t coswergss.
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The eppran imels poster tor Cover tance melr-{x, T cun be sbisined by teverting the second
or tvative setr tx of the kag of the righl hand side of ( 3.3.8) evehutad i «” , the et That s,

?

(3312) 2= -( Il tol2?}!
o |
ovslustatal y = 0" .
By listing the two—way tebies of numbars of sxposures snd lesbds parameters, row by
row, ko ckumn vecters & end £, el H can be restated in matr tx form &,

(3313 (L) = 7=Du =Dy lnchu ,

whare 1 fagar ithm of o vacter W dafinad 19 b8 the vacter of lagar fthems, u is & vector of
Yo 14nemr puremeters and D ; ta the umusl twe-way CHISIfIton iy mair ix. Using this
nolstion, {3.3.12) cen be re-expresssd o the futlvring portitionad metrix,

0" sugta () 0; 0,7 sugloce”))

|
G314 | . . |
| de(nt{n")) 0} Sl af(n")) ¢ tge 7 ¥ |

Hare, * repressnis en glement by slament prodict. In arder b insure aon-singuler ity of the
meirtx in {3.3.14), tom rews of the design metrbx O crraspondiog ' te lest rew end column
of the tabie hove baan duisted The eppr e imets pastar Kr Cover Incs Metr ix of the asiimeled
motel perenstars, I , s then ablained by irvariing (3.5.14). As the meirtx ia partitionsd,
@ the lowar righi cornar s dhegonel, this anlly requires U inversion of  metr fx of order R ¢
c-1

Mool 111, descr tued I (3.2.13- 14), coneing an eckitiensl set of rendom effects
arependiag 10 indivihmis within oslle of $he clamification. Sevesten wnelysts. which
requires e of the ten ver 3)2enda)? , precests tn o menver

stntier 1o that for Model 1t Finding the made «” of the paster ior distr ibulion requires sotving
the folTowing sysiem of egusl one:

(33.15) 1 ¥,

(3316) o1y
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. vy
314 -1y -
32
L]
Y 123( k)
(33.18) tyg - "y =
,II
Thissstof e soived oigor it smiler ©0 thel used for

Saysston analysts of Model H, an flarstive combination of an (PF sep end & Newlon—Rapheon
siap. The elgor 1we baging with ol tmer-ectien and tndividuel terms sol to zera. The fhoed
sffects, u, up (), anduy ) e sbAsted vie eppHioution of IPY , itting the ohesrved marpies,
T wnd 1. o the able of expesurss ny . The fxed effects s sut e thess sohutlene, and o
Multiver fets Mowlon-ephaon methad s apptiad 1o ssive or v} 2( ) end U} 23y ) - Orcle
back 1 the IPF slep, stariing the sigr Ithe with

$33.19) Zeplog 1) * *123( 1)
[}

I the U G, whers the U 2( ;) 16 ¥ 2y ya ) HrS Y thows dbisined in te previous
Newion-Rapheon stap. Continus fo cycie back and lerth betwesn thees two steps unti] the
comd inad edgor tthm corvergas.
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3.3.3 fadnis ) and 111 Empirical Soyes astimeton.

A Sayuwion anelysts of Medhi (| reqvires Dl e orior vir e of B vy 3( ) Wrme, <,
be wpacifies. anwu,x” rms, 5w we e ¥ & ged posttion © sstimete this
Premetsr rem e dria. That 12, 10 15 8 MyRtiple parametsr sstimelion prablem which lents
Toelf e an empiricl Seyes restment

The prier ver » i using an EM aigor Hhwm & deecr tbwd by Dempeter,
Lotrg ol fadin ( 1977). tn thir larminsiagy. the = tarme are rasted m atssing dsta. The
E-shup of & singln faretion of the elgor ivm onsiets of dar Iving e eqacied veha of the
Tog-Hkalthund, In g1, 0 | 34) , ghvan e data, 1, nd acurvent veha of ¥ Al the M- shep, oY
15 eotimaiot by @ imizing the romsitant tihatihend furction. Thet is, the M- step constets of

¥ with v colin 9 ecpected g~ Nkolthand sbioined
o e provies H-stp. Far reguler exponentie! denetties 1iks thet tn (3.2.10), ane nest only
uists e of the muffictent stattstic of the €-s6ep, in this came Eu?y o ) AL

O subsepunt M-vimp, 3 e updulat ke the mexism 11l thaod functiom of this expacted velue,
n Uris cane,

(3320} E{Lw o0l 10C

Thus, ol 9 {1+ 1) Neretion of the £ +lgor 10we, one raquires U condftinel distr 1outian of the
“ay) oiven the obearved fraguencies { and Uw astimets of ¥ obisinad from e previow

s, ¥

(3321) plujzlt. )

A8 ducr thed i Section 3.3.2, we sppros imets thi by @ sultiver iets normel distr il fon
Al Tharation (1o 1), the uisted velus of the prior var wnoe, ¥y, ¢ , i ghanty,

(3322) 3, ) = TH" j50) (7 + Yarfuypqyy )l 168G
whars u” ) o g) (1) o Yer vy o1 ) ) 0o the meen et ver i asiatnas fram the rormel

appraximation ol siep t of e £11 aigor e
Harelions of the £H algar ithw ere cont it unit] # converges. Dampeber | | edrd and
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Rubin { 1977) show thel the 1iket#hood increasss st exch cycle of the slgr Itwe. Thus, sseuming
thet the Itketihaat, p(1 | 3€), s comwex, the sigor ithm will eventuslly coverge

11 13 930 poside ©© spproximets the 1kel thomdef 3 ot & set of potnts ustng o u. | 34)
and the normel approx imetion of u, logether with equetion (3.3.8). Substituting the normel
sppraimetion for nple{f,0) de” , weheve

(3322) Wp(0122) «&(0) - Iny Ly (a®) + L1y ity (w®)]

- i (2m?) - Hu® 13012 12 - iz Y} s 2

The only hesvy cosmputatfon required s evelusts ( 3.3.22) ts the dsterminent of £~ , ametrtx
of ordar RC + R + C -1, with en RC X AC diageral melr ix tn tw lower right hand corner. The
prior vertence cen than be estimeled by pletting the k- 1keithosd ( 3.3.22) ot o st of points
and appraximeting On maxiows of the resuiling grepht. This own be used as o (inel estimels, or
G w used 0 abriein ¢ sharting peint for the £11 algor (thes. i eitlien, the shaps of e
Heatthong ghves infermation regarding the stebt ity of the astimeted var ienos.

Enpiricnl Bayes sstimetes far Maibl 11} ere sbleinsd 1 & menner similer W that weed for
el 1. Thers are two asts of rendom affects in this moli , and conaquend ly twe prlor
veriencm ts estimets.  The €M siger tihum oot be adepied 1 thie preblem, thaugh the
campiiglionsl prodisme e Sk mare ifiouil. Fer mample, the crver ience melr i for the
or el epprm et on of the pester-ter Sietr tutien of e v-terme tsof theardsr AC+ A+ C -
T+n ,wheren tathe number of shewrvalions in the @ule ssl. For the Osiifarnie dete st

thers wre over 100,000 ohesrvelions. One camnot profucs the wiols metrix. However , ir g
£ oigor 1w, ans requires snly the trece of this metr tx, 9nd this om 80 computed. The datelis
of these calouietions s well as thom required for Mol 1 can be found in Tomber bin ( 1962).
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4 PREDICTIMNG ACCADEMT BRAIES (M OALIFORMIA

AT Frequencies wers predicid using dela cbiaiaad frem the Lowgftuinel Study of
Colttrnte Oriver Accidud Fraquancie (Ses Kweng, Kims and Pack, 1976.) For pur-passs of
1ihwirution, & fvers were chassttiad by two ver tahins— - placs of repidince ed ¢ tver cluss.
Driver class 6 extuslly & ane-dimensions! clamsificet ion based n tves var iebies- -ags. s nd
war ol Closs. Drfver clams difinilions ars ghwn In Table . The plans of residune vr ieble
Ovidd @ tvers up inte 16 Wrriiories by 7 cades def'nas i Such & wey 09 te saparsts conirel
Citios, Siurts oud rursl srems. The distr thulion of & ivers in this crom~classtfication 1 given
n Vuble it and shawrvard 1972 soctdent rules por 100 drivars to ghan i Tale 1

Al cotouletions wers corriag out ustng The HATRIX pracedurs n AS. (Sen SAS inattite,
e, 1979.) Aprogres Visting fs svetishls in Tembarte { 1962).

41 Nools ( ond H

First, the dute wars smacthed by {1tiing Matsl |, 9o finat offacts - lirmar madsl  This
reswit fo sdisined frem ha Nirst Morsllen of the £71 eiger it for Mo! 11 anlimetee with the
intarection hrms ast naere  The resuits sre pressmind in Tabls IV, sxpressed in sxpacted
aumbers of axidents pw 100 &rivers.

Far Mol {1, o shar-ting valus for the EM slger (Wm was chisined by caicuiel ing the
gpreimets [kelihend (3.3.22) ol o ssl of velum for 34, end then grephicelly spraximeting
™ The (el 08 0.0067. The corremponding empir icel Beves estimetes of
ootl eccidant retee are ghven tn Teble ¥.

A comper tean of the thrwe tables indicetes et Pdsl | estimales perfarm m art icipeted
Whare thare are substentiel umbers of & ivers 1n 8 ast (8.9, the 9662 midthe aged, mart ted
molen in twrrilery 1), the ampir icel Bayas sst males ore reletively cloasr s the chesrved
ol ruls than whan the rumber of & ivers 1o smell (ag, the 33 young merr ted meles in
Terriary 12). Tum, U ampir (ol Bayus astimeles ol low the aheerved cal| exper flence o be
wand wivan € it Coltabls (o creditie] and e smeolhad madel estimetss & Ge ussd whan anly &
smal) ameunt of duts ore oveilabie. in offact, W Macl || empir icol Seyes watimator bs ok ind of
et} iy estimeter.

HMessures comper ng tha (H of the Madsle | and |1 sstimelss eregiven in Tabls ¥1 under the
haading “TH 10 1972 retes” Thess memmares ard busud an the @ifferences betewsn absarved snd
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ot imatad ecciiend retas within calts. The mesn ebeokAs orcer per 100 bs given by
(a0 100xZiey-1yl/n |

the ruot mesn sqpuers error e given by

(412) 1o0x[Zary «:, 12/ ny 0 | R

v finally, the Chi-squars meamsrs 13 ghven by

(413) Lty -?,,)1‘/(,1 .

ters, {y reers e aquency of for the Yth oall.

1 sheuld ComS a8 " S pr e thist the empiricel Sayes autimetes 11t the dete better than
the [ooed effect o) | sstimeten. They are besed on & medel with o1 extr-s paremetar, the prior
verience, end in fact are 8 compromisa bebwean the cheerva Futas end multiplicutve mods!
ootimaton. For axample, the mesn shusiule orrer for il 128 coite of 0 6365 par comt for Made!
1 46 reduced 19 0. 46569 par cond for Mudil || estimetan. A oven lerger reductien s echiovad In
the rool meen spare rYw'.

Tha Chi~square essaciuted with Mode! | ts that which woaskd be vesd 1o st the TH of thet
mare). Undar e nutl bypothesta, 1 (e dietributat e 8 Ov-square with 105 degrase of fresdom
This carresponds 0 # p-velun of sbout 0001, g duparture
from Model |. The OM-squere messure, 1ike the ather two messures of i, is reduced
substantislly by the empir icel Beyes selimeten.

Fessures of 1t ware oiso ompuig sparsiety for 1he 27 calls wiith more than 1000
exposures, the 34 cells with betwesn 500 e 1000 exposures, end the remeining 101 catts
with fewer than 500 sponsm. As axpacied, the difference in N betwean the two precedares ks
torgest for cells with lergs numbers of exponses. For scunple, the rool mesn SUIS error 18
D.4430 par cant for Model | astimetes and 0. 2660 per cend for the smpir ical Bayes sel imetes.
For oslls with fewer eiponses, b 0ffferences ors not s great. Far thess calls, the empic ket
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Boyms sl initis ors very clasa lo the Mode! | selimaten

A mere inkerest ing svehustion of the twe methady ts 10 compers their ability to predict
il rolus for | 973 using eutimetes G ived from 1972 deia.  Rsther than pradicting actus!
it rotes for 1973, the steerved reies ware affusiad 10 that e oversl ) afusted mumber of
«ciimts in 1973 wauld bs the seme e the menber of accidnts tn 1972 This was done an the
promivg that U metheds oe ussful for predicting osl) retes reletive o the overell reta. They
e ol davigrad for predicting chengss in the ovarel] eocident retes. Adiusted retes for 1973,
f.'( 73), wars abletews by the fotlowing lormuie,

(41.4) £ (13) =1, (73) [E0,072) F 11, (73)]
L] " L] L]

m,!u(n)Nl”(ﬂ)nmmr—-ﬁlcﬁhmﬂhh-ﬁ-‘n{m

i onll tn 1972 e 1973 respactively. The svarell axcidnt rete in 1973 wes 8.60 por amt
e than i 1972, prebebly refecting the Seginsing of the 1973~ 74 gesolinge shortag
Thws, conerved sccitd retes in 1973 were ajusted by a lecter of | 094

Summery messures of pr wer far beser on Modets | end || e
wall an for estimetus bessd on the chearved | 972 retms, thel is, Medsi 0 estimetss. The results
of s comper fesns are shown in Table V1 untr the hemiing Prudiction of 1973 Reles™

Far ail 120 catis, the Madii (1 empir ical Bayes estimaten suiper-form Musl | estimetes on
ofl three messures, tough the ¢ifferances are rel dremetic.  Both empir ioet Seves end the Ml
1 et waw tonpr ovar the csit for example,
the mean shaokvie errar s reduced from 0.6523 par cant for the 1972 abearved ol | astimetes
100 7752 por oot for the empir ics) Bayws eutimeten.

For colls with large mambars of exposures, the advantage of e empic-icel Bayes sl imetes
ks quita ovidnl  The axper tence gveltebie for these onils is such thel the simple obeerved ceil
reles oulperiorm the {ined effect mods! wstimelus in berme of mesn shiswobde ercor The
situstin is reversed for root mesn spare arror end b Chi- Sere mesmars which emgtusis
oo grefiction errors for ofl $wes messures, Moyl 11 sslimetes offer substent il
mprevamants sver the (et sffect made! sstimetes. The meen sbeoiute orTors of the empir ios!
Bayus astimotin and the 1972 chanrved retss are virtuslly the same  Howewer in lerms of
MO SIS rror and O - sgaare, the empir iosl Sayas sstimetas ore ool intiely par ior

Far aslls of medar-ele Suw, betwean 500 end 1000 sxposures, 1he chaerved retes
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autperform the [ixed effect mads) ast imetes while the smpir icel Sayes sutimetes ars clearly
uper lor 1o both.

Finally, for cotls with fewer then SO0 eposures, the two smoothed sl imetes
drumet oot ly outperform the 1972 cheerved raten.  Thass ooit #1200 ore 100 smel! o SCMEVe &y
reliablilty for prediction, and are pracissly those cells for wivich sade! astimetes or smaothing
fectwiicues were disiged.  The ¢ifferences betwesn the twe ssts of mode! besed astimetes are not
g The eatimedes themssives ore very clom since the smpir icel Beyes estimelr reltes on
1w fed offect modl when caél siaes are smel). in fact, for- thees ceily, the simple Meed effects
mote] estimetes par-kam merginelly better then the ampir ioal Beyes et isvsles.
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42 Medal it

Tha row dute for Matul |11 enalysts cnsiets of o claatftcnl ban of iIndividusls ecomrging
rr ey, & iver cless, st sumbar of accidints (1 1972). Albough in theory sne st
Provce & sperale estimett of u g7y gy} Mr ach individinl, in prectics, beees of
SyRmekry, one enly aead prothas pr Y 5 chearved rmbers of
within otis. Four suseple, o}l midfie agd, Marviod mele & tvar's living i TarrHary 3 whe hed
oo wcidants W 1972 wit! hove the same Madel 110 astimsted axciiind rele in Uvie sanpls,
ure wers s & vers with mars then fewr acchdents in 1972, 38 st ot swst, avly (ive unigue
ostimetes rmad be preducss for each oo,

As with Fiudel 1), @ spprex it kon of 1he iheliheod function lor $he var nce campanents,
3% 03,7, wes wand 0 ditarmine starting velums for the €1 oiger . The Hioltwsd ves
coltyiutad for 8 gridof peints, and (s MEMER ppreimeind by sve. The slger fitva carwerged:
10 ts maximm ol (314, 2,4) = (0.0045,0.46). Tha Iseithand e foir by cancenirsied on U

»¢ i . regien” ms 0 30t of ot prints whass |1ketihosd b no
Tass than 1/20 of the mes inum, tham thare ls gond evidnos St 2,7 1s betwesn O 35 end 0 60
ON U etner N, I T 31 < CHMENSIon, ey SUCh Feglon Weut tachal 3y < epml W e g
would o boyerd 3, £ eps ©0.0.01 . Thus with the editionsl ver oarr
W fraivigmtie wHR Colis, LAENe 13 AD JUrENng OV IERDD fo © - 28 YOI 1NCe CoMpoMant
arresponding o coll effects.

Tabis Vi1 givas Mot 11 greticted sccitant reles for & ivers in ¢ selection of lerv itores
1o purpoms of Hiustrattn  The complete Wb le of predictians cen be found in Tamber lin
(1962). for eusmple, micziie apet, mary ied maien fiving In TerrHary ¥ with no sccidents s
1972 hove s progicisd mxiiand rete of 0.68 par yeur. Huts that the tnfermetian i @ singls
your's & tving recard s subslantiel. For exampis, If the sverags mcidet clete were § 1000,
& tvars in hie class having re accidents weuid be aomemnnd @ pure gromiem of $60. This weuki
nrease 8 $ 106 for Uvess hoving & single acchnt, § 161 far tham with twe acidints, end %
[ .Y

Further  anke that the increess ia supected arcideni fraguencies s nel o Vinser funciton of
1he cheerved runbers of acidmts. Additienst accidants increans e prefictss rels by
incremsing emounta. Thie cuirests with tae Virawr , meNiple regramion sppraxch for gradicting

464



October 5, 1984
DRAFT

frepancios edopied by cihers. Ses, for susmple, Kwong, st al ( 1975)

Duia frem the Coitfernia shudy were agein used & Compars the predicliens of Medsl 11t
st imeiee with those of Madeis ©, 1, and 11 Estisnetas besml on 1972 duts wers vesd to predict
accidend retes fer 1973 and 1974 boll eaparsiely end combined. Since HMadsl (] estimeles e
desigrd 0 predict indtviduel acidernd reles on the tumis of individual driver reords, Wmlly ore
wonsld compers the erformence of each of the competing ext imatfan tachnigues in ek ing
fndividusl pradictions. However , since the expecied mumber- of accidants fer ¢ single individus!
16 90 smel}, the abesrved reies s mubject 19 55 Sch var iebiiity Gt sunmery messrss of
[ orers bmsdon Gate are aot very iumineting

For this resson, @rtvers were Classtlisd accarding 19 their ervtery, & iver cless ond
umber of echdints in 1972, (hesrved arctiant reles n 1973 and 1974 ware ableirad by
pooiing the cbesrve reles within theme catagrias. Again, shesrved retss in 1973 and 1974
were adfusied s dmoribed in aqustien { 4.1.4) s that 0w overel! afjusted retes for thess years
would melch the sbesrved 1972 rels. In 1974 thare was 8 d-emel ic dacreess i the e ident
ke diss 19 (he gueeling shariage coumed by the Areb of! smbargn. The overel] eccidant cets in
1974 was 30K lower Yan In 19721 WHH scti 6 lrge Sacrems o wort e sbout struckrel
changss in the rek 9 batwemn vd predicter varisbias and the affect tivis migt
heve an ths reletive perfermences of the verious mell predictiens. Conclusiens based on thass
COmper teons showhd be mads with this quatificstien in mind

Houn sheshsts errers (MAL ), reot mean squers ervers (NSE ), od mamn ervers (ME)
far the pradict iens of ihe Soar medsls ars mmpured in Tabls Vi, The MAE Gor predicting 1973
reten, for memple, s defined by

(420 F 1 ) (73) - tyey (12D 1 /0

whars (* 4 y (T3 ta 0ofined 1o b the ajusted numbar of eccidents axaurring in 1973 1o e
My k) Ohvars tn the ith tarv ttory, nd | dr tvar Cless who had k accidants in 972, ed
"Iy (72 16t appropriste e - bamed st mete of he e peckad ramber o accidents for (he

2ame growp based on 1972 dela
Tiw resuits for of) 8- ivers comper ing pretict ions for 1973 and 1974 individuslly end
COMDINGS &re given i the TIrst Two Cotumns of Tab Y111 In svery cous, the SUMmEry Resmaes
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o prediclion errers bacame sesiler with ng maled fur cumple, e rost
SR eguere orrer tn predicting 1973 retes ducresss fram 0.0264 for Masl 0, ¥ chearved
Wrrary-ariver closs oolt retes, i G.025) for Piadel |, the ftxed sffects medil, 0 0.0249 for
Haded { estionsins, 10 0217 for Medel I empir ionl Bayes sutiesies. Hagn orrers for ol

& tvars wre mre lor exch e four muiels, and are tharslre nol reper-ted.

The remetning ian columns of Teble Vi1 cantein summery messuren of prefict ion srrory
for drivars clasaifiod sxerding i the manber of mciduvs By sxperfoncad i 1972 Hare
agein, T ¢ low eataplions, summery praiiction errers are smeliest for Matl 11 entimetes.
This 8 trve, withoul amiption, for & tvers heving ot mast ene eccident. Tha excapt ions scowr
for prefictions for & hers with thres or feur scidents. b6 ench oo, the MAL fe largest for
Tl 11 eatimates. However, 0 RTSSE ore smettust for Bss 0 fvars ecapt whan preficting
1974 xcidenin.

Even mere sirking ors e comper omns of men { sigad)urvers  Thie messurs reflects
cungisiont arrars i prefiction for pertiosir grogs of drivers. in evry com, the ebeolule
vahe of e mean orrer fo ¢ when Hedel 01) e wmd, wheress
thare I8 asl ewach Sifference in the pur-farmence of Madis 0, 1, or Ii. For wamgle in predicting
1973 ecchisnt reles Ay & fvers with Wree or I accidents i 1972, Yo mem orror e
0.2157 far Hedol O estimetes end anly -0.0262 for Mot H | estimaten. On Yw evarap, ¥e
whearved 1972 cll accident retes wnderestimets 1973 accikiand raies by mare Bhan 20 accidnty
por 100 drivere winre Mol (1) sverestimeins by lom Gan 3 por 100 drivere. Relstive t e
ovaral] chaervad 1972 wrichmt ret of 6.9 par 100 dr tvers, the relictien In GVeree arvor
Civiovad by Hiadt 116 ool imaten ts indoudd Yurge!
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¥ COMCL UMM

A sucosesion of madeis for clatms fraguancy has Seen intratuosd which incorporsles the
actusr tsl notione of risk clessification , maded - besed amaothing, credibility theory , and
axper tnuce rating, ty under ¢ unitied sppranch o tte probiem. Hode! 0
noorpr-eten the esamnd bl festures of & I tsk clesstificstion system. Hode! | e the notton of
model - besed smenthing. Mode! || amEoys & rendem (erm which ollows for smpiricel Bayes
ootimelion of cless retes in @ menner il Yo aouier fol crediti)ity estimetes. £ inally, Ma!
113 hcor por-etes sn sddit lons! random effect barm correaponding 10 individasls within cells of the
orose-ciaseificstion, sliowing for smpiricel Beyes estimelss fr indtyidals in 8 manner
stmiler 1 scvier el axper ience reting.

At ta trupicatad b the roview in Sactian 2, the uss of Bayes and empir iost Bayes ressoning
for o prediction i net new to sclusriss. In thet senss, the idees pressmiad in Section 3 ere not
now. What is rew Is the incorparetion of ol the notions inkc 8 uniiied eppraach o estimetion.
Usuelly, nottons of creibility ere eppties saparels fram (and samet imes confuasd with) moel
based for g ol for scr of risks
Mode! )1 tnoorperetes beth of e notions. Exar-ience reting or merit reting for individusts
within celty of ¢ cleméficatien is ummlly echioved sithar by » complsiely separele mechaniam ar
Dy establtshing merR-reting Clams within the Syvem. By fnchuding nevted
reardom effects cory ] withinoalls of the or Hodet HI
frcarporeles empir (cal Bayes { credibility thaary) estimetes for individusls slong with eil the
feslures of Maisl 11 within s singls ovarel! eatimstisn prooehsre.

for the California deta, prediction o rors meocieted with Madal 11 eel imetes ere reduced
from thom with the Mot ¥ kr e -»swhow,
though the redction in not dronalic. Whan e dale are broken doumn ints s1as celegor ies by
oolls, the resuits ore mere inleresting For large ceils, Model 1! predictions s Clom o the
Inctvidusl abesrved socidet retes, end the pregictions of thess are super i 10 thoss of the Mo
witfects Model | estimates. For amail calls, Mods! §1 estimates are clows 10 Mode! | eslimeles and
both provide predictions supsrier © the shearved ool eocidant retes. For modarete siae aelle,
the empic icel Beyes estimates canbing informetion from the dhesrvad ol retes end the
smaothed Medel | reles 40 provide preoiclions. which ers Supersar 1 bath. Thess findings are
consisient with Doss repar-ted by Weisterg, Yomber Hin and Chetterjes { 1984) based on en
anleysls of neurence dets fram Hessachusstia.
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Expar ance reting estimetan for individuels sbisined using Fodel | previds haether
redctions n prefiction errers over thase preducsd by Mol {1, Mere imgertantly, estimetn
wivich takte Ap ecomat of individasl ¢r fving axper ionce constsiant by everesd iasls eccident retes
for drivers with no pr ol ot andurest il retes smaocisted with
drivers with of kel one proviams scident.  The siae of thess cnsistend orrors i prediction is
reducad &-emationily by the Fiadht 111 eetimetes which 89 e arxaaat individusl & tving
recerds.

in Sumaary, e analydis provides ovilanos thel 1he anpiricsl Soyes sotinsies based an
Fabis 1| e 11 previde prefictions which are suparier 1 the mars corventionsl estimal lan
inigan furthermere, Yoy incorpersls schir sl Aotions, wivich ore many times empleysd
" o gl e, plece-mesl mereer-, wyraxh @
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TABLE |

DRIVER CLASS DEFINITIONS

Oriver

Class.

MD MAR M Married males aged 26-65*
MD_SGL_M Single males aged 26-65
MD_MAR_F Married females aged 26-65
MD_SGL_F Single females aged 26-65
Lo Al drivers over age 65
YG_MAR_it Married males under age 26
YG_SGL_M Single males under age 26
YG_F females under age 26

*Age and marital status are as reported in 1974.
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TERRITARY M) MAR M

QRR2
2033
1148
1044
mo
743
647
At}
1580
881
1699
819
1623
758
1725
2my

NP W = DOD DR DN -~

MO_SGL M

4682
934
478
465
319
263
286
310
707
328
1164
485
680
345
1918
1037

TABLE {1

MRER AT DRIVIRS BY TERRITORY
AND DRIYVER C1LASS

DRIVER CLASS

MO MAR F MO SGL F oLD
9830 4110 224)
1980 811 562
1030 36~ ang
1018 428 414

716 299 m
740 222 226
567 247 21
654 247 186
1436 585 294
840 324 268
1508 R72 13
19% 458 176
1381 574 IR4
718 259 356
1394 1288 651
2N 906 s

Date taken from the 1974 California Drivers record’study

YG MAR M

588
152
9¢
125
n
51
40
46
88
17

Y6 SGL M

298}
593
354
340
222
2V
229
226
438
297
5N
260
457
245
492
648

Y6 F

3493
644
287
358
243
233
218
234
461
299
s10
2n
449
287
512
644
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Data taken from

TERRITORY  MD_
1
2
3
4
5
6
7
8
9
10
1
12

1
14
15
16

DO DD L PDNPDPOT WD~

MAR M MD_SGL_M

05 9.32
80 6.42
" 6.28
or N
" 8.1%
86 9.51
72 9.79
51 9.68
27 9.62
04 15.77
00 11.60
19 6.60
68 11.32
94 9.86
45 10.21
45 10.99

m_

O T S I o VW)

TABLE 11l

OBSERYED ACCIOENT RATE PER
100 DRIVERS BY TERRITORY
AND ORIVER CLASS
1N 1972

DRIVER CLASS

MAR MO SGL F 0Lo
.96 6.06 5.3
58 43 7
" 4.66 3.9
55 5.61 3.86
91 6.35 468
65 4.50 3.10
35 8.50 1.88
82 6.48 5.91
1 4.9 5.78
50 6.79 8.33
65 7.45 5.25
40 4.62 5.
18 7.14 5.99
62 2.32 3.7
81 7.14 7.22
90 5.4 2.95

the 1974 Catifornis Driver Record Study.

YG_MAR_M

—_

- —
D UD N Os e mO WAL O DD

YG_SGL M

13.
12.

8.
12.
N
.51
.47

11
17

62
98
19
65
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TERRITORY MD
1
2
3
4
5
6
7
8
9
10
i
12
1
14
15
6

Date taken from

~ DA NDEB VRPN NN

TABLE tv

MODEL 1 ESTIMATES
OF ACCIDENT RATES PER 100 ORIVERS
BY TERRITORY AND DRIVER CLASS

I 1972
MAR M MD_SGL M MD MAR F  MD SGL F oLo YG_MAR It YG_SGL M 16 F
14 9.42 3.84 5.91 4.96 8.29 1416 7.14
86 7.713 1.1%6 485 4.07 6.8 11.62 $.86
18 6.84 2.79 4.29 3.60 6.01 10.28 5.18
49 7.28 2.95 4.55 3.81 6.27 10.89 5.49
25 8.2L 3.36 5.18 434 7.26 12.40 6.26
90 9.10 N 5.7 e B.01 13.68 6.%0
79 8.96 3.6% 5.62 4.71 7.88 1.4 6.79
97 10.52 4.28 6.60 5.5) 9.2% 15.81 .97
a2 9.0) 3.67 5.65 a“n 7.92 13.83 6.83
14 10.74 4.7 6.74 5.65 9.45 16.14 8.14
16 10.78 4.39 6.76 5.67 9.43 16.19 8.17
00 9.24 3.76 5.80 4.86 8.13 13.89 7.01
17 10.78 4.39 6.76 5.67 9.48 16.20 8.17
48 8.55 3.48 5.6 4.50 7.52 12.84 6.48
41 11.10 4,52 6.97 5.84 9.76 16.68 8.41
64 10.09 () 6.33 5.31 8.87 15.16 7.65

the 1974 Californla driver record study.
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TABLE V-
IN 1972
DRIVER CLASS
MAR £ MD_SGL_F

MD_MAR f

MODEL I1 ESTIMATES OF ACCIDENT
RATES PER 100 DRIVERS BY
TERRITORY AND DRIVER CLASS

MO MAR K WD SGL M

TERRITORY

87035‘2]m|‘m9‘1152
W et P D OO ON

DUWO AN ONO O~ @D
P

DU e D ™ Oy v O = O O o o=
—OoOneMmbsTaOOVOor~rMmo®©

HEZBRILEL DU ZNRLBS

85””550675“655[

X Nt S ANO = OO~ O

9767099091"8“80m
— e —_

EIZEIBNSUEIRI]NT

MOV OVWOOURO~DAN O D

N NON DO MmN O

Dats taken from the 1974 California driver record study.
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TABLE

Vi

SUMMARY MEASURES OF FIT AND PREDICTION
Of CELL AVERAGE ACCIDENT RATES

FIT TO 1972 RATES

PREDICTION QF 1973 RATES

Mean Root Mean Chi T Mean Root Mean Chi .
i Absolute  Square Square| Absolute Square Square |
: Ereor Error Error Error ‘
(Per 100  (Per 100 (Per 100 (Per 100
_Orivers) Orivers) drivers) Orivers) |
ALl 128 Cells |
T 1
1972 0“"“?435’0? L8523 1.4 292.55
Fized £ffects Model
Estinates .6365 1.86096 152.18) .7752 1.1256 178.3%
]
Empirical Bayes Model [ |
Estimates 4569 (8564 100.90) .7303 1.293 uss.mll
: 27 Cells With » 1000 Exposures
8 e 6175 .54
1972 Om""fnoﬁ:?’ul 184 1 39 ]‘
Fixed Effects Mode!
Estimates 3167 L4433 20.79! .4494 . 3054 6.0 '
Empirical Bayes Model ll i
Estinates l L1260 . 2660 8.18) .4053 5625 30.91
| j
| 34 Cells With Between 500 and 1000 “sposures 1
1972 Observe?"éaﬁsol 11911 1.3482 48.50
Fixed Effects Model l
Estimates .8557 1.085% 39.9611.2875 1.5822 74.64 !
Empirical Bayes Model ll! ! .
Estimat:s ]I .6294 .BO&0 24.021.2100 1.5006 66.24
! ]
67 relis With ¢ 500 Exposures '
1972 Observeq,fates |2.0810 2.15 18451
Fixed Errects Model | ’
Estimates 1.5546 2.1626 91.43{1.3292 1.7829 67.41
Empirical Bases Model I} { :
tstimates |l.2wl 1.8294 68.69|1.3245 1.7653 68.74 '
N ]
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TABLE VI

MODEL III PREDICTIONS OF ACCIDENT
RATES BY TERRITORY, DRIVER CLASS
AND NUMBER OF ACCIDENTS IN 1972

Nurber of Accidents

Territory Driver Class

Two
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TABLE VIiI

Summery Measures of Prediction of accident rates
within categories defined according to number of accidents in 1972

Mode Drivers with 0 Orivers with | Drivers with 2 Orivers with J or 4

Year(s) | Used For  |A11 driver Accident in 1972 Accident in 1972 Accidents in 1972 Accidents in 1973
Predicted | Estimation [MAE RMSE RMSE ME € RASE M RMSE M MAE RSME M
0 .0118 | .0264 ].0087 | .0142 | -.0028 (.0492 | .0681 | .037 |.1452 [ .2107 | .0927 | 3452 46 | 21
1973 ! .01, | 0251 [.0080 | .0114 |-.0029 |.0496.| .0680 | 0384 |.1447 | .2099 | .0962 | .118) 4638 | 2250
] L0107 | .0249 {.0076 | .0111 |-.0029 |.0494 | .0678 | .0381 .1449 | .2101 | .0955 | .33% 4635 | 2238
13 .0095 | .0217  [.0070 | .0103 }..0000 |.0370 | .0572 | .00014 ].1421 | .1885 !..0144 } 3589 ,3778 | -.0252
0 0143 | .0295  |.0117 | .0168 |-.002) |.0449 | .0659 | 0274 [.1495 | .2562 | .0737 | 2048 5923 | .1266
1974 ! 0130 | .0288  |.0112 | .0155 |-.0022 |.0446 | .0653 | .0287 [.1480 [ .2548 | .0773 | .3008 6016 | .1359
1 L0135 | .0285 |.0108 | .0149 [-.0022 |.0447 | .0651 | .0204 |.1484 | .2551 | .07€5 | .289a .5993 | L1343
tt 0127 [-.0275 |.0101 | .0145 | .0007 |.0407 | .0613 |-.0083 |.1587 | .2458 |-.0334 } 4536 6116 | -.1143
0 L0113 | 0231 |.0088 | .0135 {..0025 |.0a08 | .0563 | .0323 |.1271 | .1868 | .0832 | .2826 o | am
1973-74 1 .0105 | .0219 1.0080 | .0112 }..0026 |.0408 | .0559 | .0335 |.1257 | .1854 | .o0ses | .280! 4018 | .1805
1 0101 | .0216 |.0076 | .0106 |-.,0026 |.0404 | .0557 | .0333 [.1260 | .1857 | .cAe0 | .2804 .3999 | .1788
1nt .0087 | .0191  (.0068- ] .0099 | .0003 |.0300 | .0468 [-.0035 |.1153 | .1668 |-.0239 | .2843 3623 | -.0697

Mmber of Drivers 107,731 100,771 6,522 408 30




