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U5ING rlOOEL-BASEO ~'IOOTHtNG ~ EMPIRICAL 8AYES E5TfI'IAI'ION 
TECHNIQUE5 TO PflEOtCT AUTQrI06ILE ACCIDENT FREQUENCIES F(31:t 

C/d.IF(3ANiA DAIVEi~ iN A T~)-WAY CEA551FiCATION 

DRAFT 

Ttla~'$~SJ. Tomb4rl m 
De1~rtment or Omi~titatlve rlethods 

Concordia University 
rlantr~al, Ouib~ 

For predicting accident f r ~ t e s ,  a s~ccession of log-liMa" models rot 
POltroOn data. some or which Include nested raxlom effects, is Intraduce(L 
By applying max~n~m Ifkellhood and emplrfcal 8ay~ estfma(t~r~ 
ttOwi([uts to t ~  models, t/w hOtl0AS olr risk classtflcati~, 
modtl-l)as4d ~floothlt~ cfldibl l l ty t h e ~  and eq~'ler~e ratmQ ace 
Incorporated under • unllhKl stat~stl¢.,~l N)prlXK~ to loss pridhctl~z The 
per~ormar~t or these methods Is evaluate4 using accldeflt a t a  from 
California 
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,~ l~xn" 4, 1984 
DRAFT 

I m l ~  sl~ddLro ~ Ira, ~Jlmm vte * t l l i ~ l ad  mei l  ~ m  e a l r u : l ~  ollamo lea" pmllAII d 

b,lm-uellm e:r.uu8 mlllaMu ~ l q  mere mr, in eWl~--"k d perl pr~lumu ler ~at l ,~l~ 

h o ~  g ' u m  el leml~llJl~ 

J~:lunr Im lueo Imo " d  Wm noUul  kr  i l m e t l q  i ~  i m l ~  W IMlvldul ~ 

mils d e o.'une-cleulflml~ ad r lals, IWl Iw~q, mly rlmnlDy l e~0  Io fm'.mq~lo luee melluds 

In I re ' l id  IIIIIIhlIICsI maJlll b i l l y (  t g ~ } .  l i t  InlmmtO.dl~'ll l l lmelulkr IlMilllq 

m kll l i l  d pltrt p~mhllel tusd Ill al lUWlll - ~  ctmoifllltlm. | lulo IJ'l Ill/I tip Ill ~ 

O~ (41C~II~I I8~:M#mJ vlffl IlWlll d i~h d IIIII f i l l  vlr MIplII I~II l IllO-IIPW 

clmmlflmllm. Ill -,~bmlm8 18ko ~ fin"mum: 

(I~) hlt'~rl. 

vhmmrl PII k ~ Du amwllmmamd llrlm ImrmDm fur ~ tm lamllvtiml m rlw gll~ raft. Onll Ii amrd V ) 

I~ flcl~ ammclll wllb ~ m iml Jlll Imol II gm llral IM ulml CllNlflmlm ~Wln 

r~apmcU~l~ am~lw ml~ amoMm~ ~mlU~ pcmmm md dm~U-~ am~llvdm gu~ i-lvlql 

amio frl dl- 

llmmlly. Wilmlll ~nm-I Im ~ la~mlll Im U~ cda~nwltl~ ~ umm a~ llnm 

( I ~18). ~ and rqdrlw (151~). e l m n ~  . ,~m~Mk l l i ~  ~ @r~m~Im 

I I . ro~ ( 1961 ), C l~d~-  Id~ (19~0), W o l i f l  ami T~ot~l t~ (11412), l ~ i ' l i m  (19412). 

Ind ¥114aOm'ql. im~sn'lkl H ~  ( I t~4). 3me ef gum emlmlm, n m41 m IJu t~m'o 

Irld~l Imuf ~m-le~ rueful o-w dm~-l118d bl 3mllm ~ 

~ ~.,J Im 3. m r o l e  modd (er U~ d l m s  lmurutlm w'emm le 18~,e lnt  II ell~ I~" 

m t m  ~ I lu  teo ( ~ t m m l a  e~ I ra-  - l u  frulmm~ cm~em~. I m  m c le lm er8 Jum~ 

m~ Ihe um~w-Hy ~ l l m ~ n l .  W mum d ~ n l l ~  c l u l  ~ 1 .  Im ~11 peplr, ue ~mlomArlil m I~  

p"e~llm d tJu h~pm~p, mmpmml ~ Im~ l ~  IMrl ly  mmemm~ m~u Io la'~led m e 

I~n4 lellm8 m-  IIMI. IIId I l ln l~ lJ  I b i l l "  m a l l  In l l y ld l  mlp I~ ld,  i lm lq~  i I I i r  I i I M t l 8  d i l l  

I r m l d e ' l ~ l m  

Dett ~ ~ UU gr~umW ~ m m l  ef lem e'e I m ~  f ~ l ~ ' m ~ s .  ~"  

clmeu eum:telM vim mg W41O IMIvlldSI Ipp, I I ~ l a m  Io "d"t Im 3. Ilardrt tern l a ~  

l l o l l h u d  ~ ~ flit inll ~ Io ~ 4111 in • crml-CglNfflMI I~1 I r l l  r l v l ~  
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O~'FT 

m ~ l r l m l l l q ~ - ~ m N m m r m l U r m m m d h m ~ m l ~ w f ~ a ~ l u m  ~ t m m  N 

I lmw t o m b  m I ~  ~um" ml mllmm ~ r I t  cbmf iml tm,  ~ l l t v  I m r l  m l  

mqmr ~mm m t q  ~ m ~-" m 2. Im~ m ,a~tN. - , ~  Ibm4 -. ,  m i r a  I r~mlur t  A 

~m~ld@ m Ipttm d tlmm m ~ ~ mtpr b ¢ m  N Imml Im 

TeMm'l~( .~m2 ). 

M 5a: l l~  4 l lmm 4 m  e-~ Warn from Vm t m l ~ e ~ l  5 k ~  d Cmlllm~m ~ ' ~ r  A~.~mA 

f M I ~  (l~tal:~l~ IIV h I~ l l f~ lq~ OE~ItlNM d P1~r m ( K q .  Kt~l ~ I ~  , 

1 9 ~ )  A I ~  mt  Imm'mm din,  IIW ~ m  -- '  i r e l y  ~ ~ r  t m  rmm~,  # 

coem I req~W clmcrlNI tn ~ t m  'L. 

FbmlIV, ~mckalm~ m lmm ~tm ~lw~V. m w~ll m ~-wdtmm ~-  hct l~r  r ~ m ' m  m'~ 

r~mr4~ m ~ d t m  $ 
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~tolx~ 5, IC)~4 
OI~AFT 

O m ~ .  ~ s  ~" m ~  c ~ m  e~ ~hs c h ~  ~ps~hme W s ~ p u ~ n  o ~  i 

e~sgm cf~m c ~ ,  t.~. 

T ~  Loums 
[~  hm~sd (m-e plmkm 

T ~  [~lmSUres 

~ m e~pmure r~p~mds m ImurW r l ~  ~wr Itm IWe i m - l ~ r  I~l  Imm~mm mWl~l .  

F~ ~ Irm:tlanl ira-proN. U~S wmtar  ~ m m~ n., U'a41P~ ~ I tM ~wJsr  ~ 

Onalh, ldudn~ Wmrwd. 

2A_ lU~.Cimmlmml~ 

If INr~ tm rmmm ~ Imlt'4w INI imrw im-amlmm Itr kt,¢~tmlo m IN, mpatm~m~ mr~ 

cl~#m 0~amqmsmm. ~ Iq Ibm md ml I q v m t m  Is ~ b Icslt omsml  anEr'ams ~ InW~H~IIa~. m I~r 

an~tpl* m U~ mnn~ g~ an~v amlmlm'v gwol~ lawr~mm nD~u~, t~m ~ ~m@~ ~ r o  

irntwm uqmmalmdmm"~ anwm mf'mWmMmwaJl Hmlm'. ~ m mm'~m~ UIL Immure 

p~nt~,am ,,,rf maNWd~ ~ ~ ~l~llm. ~ Ui~m ,*,hk:$~ rlflm~ Um ~l~,~r'slly 

w m ~  

~mr~m'~d~. hn mlmm~m arl ~ fr m~-tmam ~f h Im~tm W Im~mlnl ~ 

k~dc~sdr~d~m~ ~s~m I~ aw.~mwblb gmmrmas. ~ ~ l y  aumq~s gr o 

t l ~  t i n  ~ ' l ~ h w g ~  l t ~ h p ' m  h r u u ~ - o m ~ o ~ p ~ l ~ a i t m d I M O ~ h o l  

dm'TMr ~harm:tr tslt,"~ I wl Jmmlm ~ Ibm ~:tumHt.~qmt PQm- lhs dhw" ~tmmmtm, ~ 

~mr's ~qdmd ~ ~ W'rlW'IU ~ b ~W'~, 11~m ~Itm ~mw ylmcINl~ 

~wqmd. l~m lurmi~.-a maMlvm~ ~mm.m ~ ~ rlflml .~v~ ~ ~ trln~ 

m ~ m ~ d ~ r  rO~ t u ~ r ~ r ~ t m  I ~ z ~ n  ( ~ B ~ r .  197~) 
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O c t o l ~  5. I cj184 
13~AF t 

~ l l  ~ i  ~ l t  m l l A  niJWm d p r i k i  ~ l ) ~ l m  ~ r  sum m ~ r I ~ ¢ W t o ~ ) m  tl 

i ammIm I t  t a  d l I ~  / i o ~ I / l l ~ l W  dr M r  d l I  I* i I i N V  I I  m I r l I ~ I  I~  I 

~num~( am,olol~llwlW, e I~:lm', i~d k alVEA d Iol~l  i o Nrtk~Jll- ~ I W ~ / a * ,  m 

(22 .1 )  w N - % ~ .  

cfan~ll]mKlm~ HI ~N~IfN N IN IININI!IIMII~$ ll~lhll ~lumkl ~M~II ~I lll~--h~ ~Ioh 

~a~,aa "lnlaDmed" far om~ a~ lam clionlflmtlm mr  lablm IIv *hobnai l ,  OOlIw m i n i  ~ slnllo 

mrtaNu, mf111mg ~ - - - ~  gu~.~ pnamhmm ~ a,- i m l  to h ~ ano.Od~ 

(2.2.2) Z x l y j ~ / 9 .  "P'I" 
] 

~Nr~.  

(2.Z$] ~ - mlnmr d m  I~ roll II 

p~ - I % ) p q / %  -mn~a~dab~rv~lpur*pa'mk, o ~ U ~ r ~  

I 

p |  o s ' n t l p t f / n i  oUrSlamloibw'vlipmrolnr'wkmmtheJO~m0~u~ 

TM U d QOmlWnl ( 2.2 21 oan m aolwd t~ralh, okf for xl aa~d Vj l a ~ l m  $, t i 

S l I ~  ;NIl IIm ~ ~ I I N I ~  elm N alDhlllld vm thin |Writ hm prl l~l(mml fillklll ( ~ ) 

* ~ r l m a m d I T t 0 I J l , q ~ m l ~ d ~ O ~ ( 1 9 4 0 )  B a ~ i a ~ l . u l * - - * - * a ~ o k ~ v i i  
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( 2 2 2), "mlnlmmm blm nmltlpllcell~I" ut~. mld~ In te ~..p...addlt~ ead~ 

0411110¥1 IllURtplrriih~D IWiUlmd i lid H I f  w~ml¥ I ~  ~ Uall l ~  

kadlmi~r~ Ii~eod, OaeldeMretrlrwaubb~eeulV~K~dparoprlikmmemUmmltmtnlhe I N !  

curt I~ulmn ~ b~ cmuelty m:alullr ~ml MaJN~S In prepe'ad~ Iw" ~ aun(~allm~ wm adlll 

the 1963 0~lmq p~mr 

Ikmml~, ~ r  Ioue b~4etlOmW~ h~e prwoud t i n t  ~ md m4~tlplk~t ~ aUI~ ~ 

u t l~ l s  ~ r  m m a . - -  aln~ In c r a m ~ l m ~  Clvnnll ~,d Irelo~ I ~  ( 1979 ) und Ir otrln~. 

T n o ~  Im md Wole~m,O ( 19~ I ) ,,-,~ limd ~ W h r  "d  Im~d~ h--'~ on AHOVA 

t y ~ a ~ t ~  ~ m l ~  SaY ( I N 0 )  pr~m~ea4d~U~d~v0Mdd,  a d D f ~ a n d C o n p r  

( fluemdvmns Aui i labl  ie I~d lq  iml ~"ldaM ProwMlan Suralu, I N I )  ~ e l ~ r M  

rondel ~ a Iho l i l d l l l ~  46~1 nu l l  Iplliclllvo mndo~ I Ip0cioi a F¢ d l  Urm 

Md~ia. U~ auOxrs - - ~  treat aquarao te ,d lmeb eqmcaN ~,---  ar pure prwl~m~ 

Z 3 _ G t ~  l ~ [ J ~  i i a t l ~  E a r _ G ~  

co ld~ l l l~  m lai4t4~ k~ ~ Mgllpiui Ira1 I f  ql cne-~u~, ¢l~olf~M I ~  d r i~ul. alNll411ty 

uq l e oe ~  cm In m p r ~ m d  aura. 

(25  I )  I I I - Z p l  • ( I -Z )  P. 

v~er~ pt Is the e l ~  pure proihxm In I ~  #h Cb--, P m relm-rid to m the " ~ "  ralm , 

blo~l o~ e I~'0B ~ m l ~ f  e( R p o ~  liad U ~  r q a r l d  alil e nmllllo~, i~qd Z I~ o ~ 4 1 1 t y  

I IG~t ~ am u Io re~led I/ao amoral d II~eramml~ In the I o r ~ m i  puro p r e m ~ ,  p! .  

ro6evanl Im 0ao m~ rlmk cdim~ 

Ae o r l l i nd¥  llm~pom4W WhiWw (1916), U0ocnud~lKy i ~  Z I n l  o~l l lg~ u l t ~  

0 ~  r m i m q  He mmaui  tPet cla0m aMrHy am matod ,  so g l  p rm~ma muid N 

dNrn tMd ao~ly m th0 l i  ef h n v n / r  ar k ~  a~ ctalm~ F~rtNr, he mdelad Iha 

~ d c / ~  Hh c h n .  f! , m bl~om~ w ~  ~rme4w'~ql md n I . lho Iw'ame~r ell 

m~ ~uwn~l to ~ o r u i t ~ m  ul m purnol rar4m v~ r~ l~  ( hap~o a~n  u a~  v l r t m w  ~ .  

~ nwwd ut h--m, ad h pmVrlr d~dr~ al ell gMn UW~d" f~ muld m 
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l~:tlAx, f 5. 1904 

[]~AF T 

fI p) * 182 

F~o'Ulr. If I ~  c l l l l l  o i l  m l  unit. I i i  (~' 52) Olal ~ l  r l - i ; ~  In tl~o I g l a l  ( 25  I ) u 

( 2 3 3 )  s l ' P l ~ * u  

d i l l  l i t  " I l i l l ~"  CIb,  P, kl id  I I  h I o~ Ut  pt I "  ~lllr t l d l  d ( ,  ifld thl ¢ r l ~  

1~ $.41 Z *  

W~Mt~ wmt qm to omhe t ,  t i m  ef i o t r  t ~  tl4v~ em~e~m. - - t t ~ t q l  Im p r ~  

d l ~ B i ' l d l w l r  frImk~b ~d* LMnr.AL Ik t lhy ( l 'g60)Qt t tml '~ " l l~ 'o ' td t lN I t ty  

fro:its k r  t t e t ~ I t e m ~  m d m .  ~ ~mt ( t ~ 9 )  Ira- ~ - P ' ~ , t  m t  e ~ e t ~  

S,~,mtne~ b ~qetw~/t I ,,turk. t r lc t  ~-twe ecltmr / ~ to e,e,e t J  ~ d 

Im t m I - ¥ t q  M ~ m  d a ld tb t  t t~  Otm'y t w m l l  d M t q t  W ~ . ~ - b  ttht m 

pfammfi'~ d t h  i r W  d a d r a m t i  h-m 8 t  a ,  thw a0omil m d M 4 m h t  mNDb'. I~,"  ~ 

UaO ~ t e t k m o  d Z u o  fwdlon d tim i M ~ m- n~i~I"  d c~,,h-- ~ ~ 

t ~  I l m l  f r lm (2.3.4) Ihd k r  a krge w a ~ "  eg ez~mea,  n~, Z zpp'omcl~ me 10~ 

t a ~  m t / i t  I d m i l ( ~ v i O m I  r I l i d ~ m d m  k r  u t t k q  I boni .  i c m i i t ~  OaW collie 

"1'~}1 cf~di~lN~" lli cr llIr fin lit ilildnlni MI Ola~I|l(ly wiI aIUliI i la Ill 

n u ~  i ~ m u r t ,  end ~ m onmmm~ on ~ i  I ~ ( c ~  f~r a m ~ l ~ .  ~ r ' n  

( I ~ )  k ~ ¢ k ~  r l ~ W  f I ~ M ~ I M I I B M  d ~0~4 c b i  N 
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~ t ~  5. 1 ~ 4  
~ t  

b'~runtMrdm~lrm~'r~m~lm'el¢l~MbZW " ~  ~ l l ~ ' m ~  M 

tt,m m-tgt~ml 8otwt~ M l ~  d a- t~ l l#y tlmr'y m to- t,a~r.mlucd tm tnndt~q 

(19;9). r~hn(19~), e n ~ m a v ~  (1970) Ow~m~. ~ c r m m o l ~  mN 

~ L ~ m  B R I L l  

1969mdO~tw4m. 1970 ) ~ .  tnWtcflm, Im'tl o ' l lq  I s g l m r t l ~ m l ~ l W  

~ / I  I W ~ .  h i d  ~ m  m ~ v ~ m  m / ~ m ~  I n  me*H 

~ q  ~ m g r t  ~ m m )  

~ m  ~ ,  m q  m ~ d , q m ~ m  ~ b m d  

Stem. 1959 mdfer'ru~, 1918 ) ; l~cbmlflc~m vm-~,blmlNim t r m / m w e l l ~ "  i~d 

C ~ r~l t  h ~  41~ ~ ~ Ih8 M ng~lr  ~ l l d ~ d l l  

~ m t m .  ~ m u r t  m ~ m t ~ m .  
J~01d ~vl| J n  O~0 ~ m ~ S d  a ~ e  4m h N ION e~osr 115~ af b dr N~"8 M O J 
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Octol)e¢ 5, 19~4 
~ T  

lhlra in s011 a~ii g~rAml lql Ii UIIS t~m ~ ~ 11 tlllnl m fr11..~- 

coq~Icui Im¢ laillni UlD m a~n ¢llm~Jlmtl~ ~ Mile mmll M -~ f~ "l~llllnll ~ 

Im'm~III ~ nll r~l tl~ u1 IMI I ill llmll ~l?ICI~ III llal ~ ~ I UlI IS 

1Lmgllb& ~Jwmnd. ~ ~I Io JUde d l~m lwL~rlrd r~Im'lq I~ ~ o Cllll~llml m wm-IIbll 

MmrQ reg L",b ll~ l~k~ *~lmdm mukl llr~Ixl~V llO ~ ~ hnWl~q m ~r~cm~ 

v W e w I I i l  ImmI. ICI mdP~cl~ (1976) ~MJuIl M mMIl l l m r  ~ l l W t  i i d l f I  b I I~ir  

n m ~ i  d ~ - * I ~  rdm ~ CelIf~W~ F I~I Iv .  wkm mi r#  r ~ q  I u r~e~m qre ~ I U  

~ r ' ,m~Ivml is  s v ~ i  m ~ ' ~ l l l W  F~rrw~r~ ( I glql ~ 

/ii~l~. I~ I Mm aii~ I~ ~it~ ~ IMi d Ii~wi~ cna~lll~¢ li~ b I~ 

I r ~ l ~  d I Id lv*~b l l lN l l r t l~ l  f l l / l ,  ~ l l ~ (  1941 } d l ~ r l l i  m I i ~ r k ~ l l l ~  

I~ l l i l l  Ill" ~ l l~ l l~V WI~INn ~ l l ~  ~ l ~ l l  ~ k l l l r l b  ( ; 979) aUl U ( I g00) 

qm~4~ ld l l~ l l l l l l ~ r  lm l r l l r lU l q l h I  ~ l ~ l ~ d C r l l d l M I l ~ ' ' d l l M I l ~ ,  d n l ~ N ~ 1 4 1 1  

l~ ~ I  ~ i ~  ~ l l  ~ ~ - - I  ~ ~ ~ l ~ i  ~ ~ ~ l l l  

t4~kmm u I I  IImr~ p r ' I ~ i ~  d I / m l I 1  h r I ,  ~iIo m ciIImI l r q q u ~  md cW, Im oral Ir~ 

~r**m~ aiper'~e~ ( ~ l V .  ~lc~mm's m a ~  r l ,  l I i ~  m ~iI r e t l  ~ r e  ~t~k, I I  le In 

guho r~t to e( lul l  Imm~ ti  IotiI cdtectid W'~mt~L ~ dI~ I I ,  mml te cmmmanlv LICl t~ 

q~b~lr I1-, h'd mm~l I~ ~1~ I ~ f  I0 ~ UnnlC~llr | Iy e m ~ l ( ~ d .  ) |1~ ~qlrll~h pl*llmlld 
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October 5. t q 8 4  
[~dq.c T 

.TL_ r0nn[L iuLqin P O X n ~ n ~  O [ _ O ~  £ 1 1 ~  

,5.1_ auu,,m~ ~ n n m h  law_ Into:maUL Oila 

I'todele la- the clmaup giniratlc~ la-mne grumbly fecu;~ the kaad Iou ~ w l ~  

clIknu grIIMd py on kadlvlduol ~ grgaap d kldOv~ ~Mr li cal¢-~ ljm- lod ot l ~ (~-- 

Outdnulnn, 1970elaP~l. Ig(~9 ) I ~ p C ~ N  I s g o n r o l l y n a D l l l l m ~ l n I N n ~  

~am~ml, ~m ~ ~cu-~nco ~ clm~l,  4ml lira ¢lmn imaurd uuclmmd w t~  mc~ 

M~v~uml clam 

LM f Im b~l mlm~w ~ cloiiml InilD ~ t "  l lC r~ l~  pot led. ¥1 b Ihl  ckl~l imounl 

lumclu l l l  with I ~  1~ clwm. e~  

f 
| 5 1 1 )  L - [ ¥  I 

I 

b~ thO fm~ml Io~ fl~ tlw pf tod TO~ ~ 1 1  the tam i r o e a ~  m',e ~ ,  tlhm 

( 3 1 2 )  P(L) - ~  p(f) PIe(L), 

t',,P 

W i i P  I "  leihef-I~M¢~q4dut(mn0~ Uwcdf  e~tha¢ledm omount',arimbhY 

P~ovl4~ Ulii the pAf's d f alnd Y r e  r ~ i ~ b l y  aiviqplo. U t  nomenl gw~rad kaO function 

~L  aJ~bemmOydm'tvlMfrom(312) ~ . N  Iovt"ydflTk~lt iogMluaclrnuff~lor 

o,.qr, gooaapp-m~lenel~-Ihodlleb"l~uOmfunclknltaolf ( 5 m l  19~gmdSaerd. 

P~mtNcl~r md l~m~ ~ . 1977 ) Omrolh~. ~ l u l ~  ~ l l ~  ar~ r~l ludt~l l~ ~ y ~ g  ~ 

~ o( dwqpr4 f~qum~ eml mq,r try dl~r(Imtlwr~ 

Fer purpoue oir purr praml~m ld im4t lm,  4m nnm~MI s-,mnm'mul wflh Ihe e ~  

~ m  g(P.(L| ~ 4 / q l  m I~m two p'~mems, gra~oi~ qnd nvar try. ere ~ 4 i p i ~ .  ~e 

p~'m~If 's e~ me t,m om be k~apmmnlly m~lnumd 

~taUur U~m aummfU' iq I~edmo uo'mO ( 3 I | ) ,  ~ eamql 1mine e, mr I~e pm ~ed. k l  h 

da~i fro" U~e lira k u l u ~  h ~  ~,,. glvlm t~,. 

(3  13) ( I  I . l l )  " ( f l  . x t ( I }  ,X l (2 )  ."  ) , 
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(5 VS) ffe(fl) IIp(,I(1) ) "(ll;(fl) II II II P(xa()) )I 

I*I yl I-I I,,I I-I 
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m i~ d l r e ~  m oa~mdmm F k ' ~ . ~ J r o k l ~ t * m ~ h h m m d m l ~ , e ~  
oIwl4 bl m~lllld, iml InckMld la IN lllld lhmlt Hmm~lr, I~1 im/ lms d ~ t l  ~ m sgch 

~nd~mm~l m Ww- '~v m~m. 

I~ IV~ I~m ' ,  IM p r m l m  d p m ~ b  r~ l~Wmq~ ( ~ m m  [r~mmw ~1  s ~ r  ~y ts ~ 

k ~ l d .  m ¢a)~ mmkW" Ih l  i r ~ l ~ t m  I I  I ~  h'qtm~w mmpmmt d m l~oe~,v. 
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m m ~ l ,  ~ N ,  Um mdt~MsW W m k c m l  tt~ n ~ k l m ~ l ~  ~,  ~ l t  tmlq) ~" ~ m l m ~  

WW~wl ,  TaNNr|ln. im l01tml r l~  ( I ~I~4) d l~ r l l~  mmp~- tm l  k l~d t~ l lm l  MI8 I~1 

m d V m l q  m t ~  mmlmmts t~mmdm~ly l l l ~  ~ l ~ l  II~ll ~ i 
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om~lorm~ mprat l tv  

promll, t l l  h.iq~oo4, f ,  eJs~-ietid w L,~ the an ~dfv~kml ~ m Po~un ~ ,~'~Nb to wl~ 

~ C .  

(321) p(l)*e'£Cf I fl 

We propom W p ~ d d  U m w n / e  wing*  mrWo f  log- Ilamr models. ~ - .  (-~ ~ O .  l ,  

s u o ~ .  tho ~ ~ W  nnl f~. l  d r i lk  ¢ l ~ l m l l m .  ¢ ~ ( i l l y  ~ Impf  Wire radlm I 

I~ • mldwm almtlsikxl fflinry d mlkMt lm 

for m d I l lm l i l ian ,  O~o Impukdlon d ImlIcy h~drJ  l o i l ~ l  to i c l imlf lM 

I h ' t ~ l a p r i m i ~ r l e b l n  TheIMtma(lJ.k) *-ukr b thekm Irdlvld~luNh~the ~lm roll 

d ~ c r t - c m o ~ c l l m  L4d~tl tiettumm01- d lndl'~duikw~iethetlUm ot41,endlmt I)~ 

r ~  H i  n l ~  d aNnl l  I~ori iNI So Ihe rue k l l ~  wlqilio I l i l  I|Oa ( l i t  dlirlnl 8 

sl~:l(lell pD" Iod d i haio. alall f rllprloll~ 1hi c811~ldJ aml d h'lqlm¢ fm (i~ t 

f f  ~1 Ik ' l l  I1 r l l  l i lE l~ OI ID id i t i  I I l ~ .  I1 I I  ~ ~ l l  thl l u l  d m .  fl| k 

. *s d s ~ ' ~ d  m o Pomm r l ~ m  ~ ' ~ l a l  ~ 1 0 1 M m ~  m [. l l .  T h / I . w ~ h ~  * 

not I, I ~ d ~ l l d l  r l  l u u l l l l  Io llp~l i N 1 ~  m f or ~Nl l  llllOdlll, I l l  

( 3 2 2 )  fki - I IQt 
- k - 

r l p ~ l r l l o u l  n a ~  l l l ~ o c a J r f ~ i l l o l l ~ o f  O l i J ~  c111. l l lm l l |  Is 

d t t ~ i ~  m m P o i m  randnm vl-tibio ~ m ~q % PredaWn er a~4~rd r ~  

~m ~e ~ m elw b i ~  ed est m e i ~  ~ ecc~rd prupms~ pmlmti-8 £q 

Im(Ima/d~t~ . f l ~ l~ t j  l h i o ~ m ~ h D r ~ l i m e a ~ d o e ~ a k c f i m m ~ l l m  
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( 3 Z 3) r-,On(L • i~ cq - I M - ,, • " i ( i )  ' u'a)) • w12(q) 

~lr  tram l l l l l l  o m i ' W ~ .  

(3.24)  [ e l ( i )  o lu2 , ( j  ) - l ' u l 2 ( t l )  o0  

; ) II 

q;=,, 8'lgap, f tmlm' laml Hdknd ( I g'/Y,) or ~ ( I g74) t r  m i m p  mmpbie 

~ r~ ~ ~ u-qmr~ hr Ow lJth adl. enlm Uw ~I~ "d d V- reran hr dl 

a~le~crlm-c~kti~ Kn~i~etwhnIIm~knlw~dpd~hmlq L~m~ 

(3 ZS) ~q(m) -e~. • VI(O) • ~I) " mt2(q)] 

( 3 2 6 )  I ~ f l w )  
W ril~q 

t4Ud 0 Iw "wmpl~mlV w ~ m m F  u l  a ~  ml lmUw ~ ~ I ~ R I  w .  l ~ w n c ~ u  

e l m ~ ' ~ a m r ~ h : d l & m m m ~  I t w ~ m ~ m l l , , ~ l ~ ' m U m t m ' ~ m ~ k  for 

o ~,~ry I ~ p  m ~ - a l m  or ~ l o  w i ~  mfftctml m l m -  d ~ i / ~ i  m ~ l ~  ~ d ;  ~ l | ,  Mm/I 

O - t i n  NW m i m m q ~ l i  t i m e - ,  II I~ m m m m  I~- d I l l  m l ~ l l ~  I~ I~ too 

m l  t~ laf~di~ ~ I  m ~ t m  ~ m i ,  ~ m  m, 'mab-  ~ ~ m 
mtqm-f o~ a Im~ am ctmml~i~m ~ r  1/1~ am t~ ~,ml ' l, m m rosario u t ta i i /m  
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(327 )  ~ L i  I I | - U * U I ( o * ~ I  ) 

m ~ W k d e  ~ i N |  I ~ d  i ~ k q d / ~  H i ,  I wflh ~ |, 

~ m  * c r w * ~ * . . . . m  ~ 

( t ~ l ) .  ~ / k ~  (19~) .  ~ ( I g ~ ) .  ~ ~ I ~  ( I M I )  ~ 

( l ~ t )  t~er t i t  prmnt eepltmtm, t l ~  deve~mm, is  m tr, e ~ d r twiciql  

u l  the awmm,, "tl'e'tmk I~l p0int" ~,, m~-Iflee ~ i -  to melywt¢ 
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LM~( 19~,. Ig78) empiq~lmrlml l l r twl k h ~ l l m ~  m u ~  wl~ flu~ m l  

rm~m ~l~b t~ ~tmm qmplrlml ll~m J~--~,, ~r "dl m m N  u m ~dqhm / 
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m Imwttv en ~lde ~wl~ kV Leinl 
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I I m  m r~4m M .  ud m e  * a w ~ i  ilrm- 41Mrlndt~ k r  b 0~. 

(.SZ e) ftOO[LU: I l l - u -  e l ( i )  • w-aj ) • Ul~lq) 

In after, lira speclfl~lm m ~ i a r ~ l  I n , m a i m  a x ~  k ~ k a l q  W'J4meflc 

d~w' lww f r ~  ~ml~ ! f i r  nell..-ab. I ~  i r l r  M l ~ 4 m  ( 32  9) i m m  i ~  

W W d l w v l 2 ( q  ) i m . y W 4 1 n l l m m l m w l b l c ~ l r e c l m e t n a r ~  Yhw. ll~o 

e~ImaNda~ r~, £q. #~m su~ c~b r~ c~ I~ ~ ~ luld ~ ~ undlr 

r~ci~ ~ e e l m  ~ lw. ~ / ~  II, ler~ a~l~ m alln~¢ ~" lli~ 
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~ m H  ~ U l d l  a ~  o- ~ ~ H h M I  a ~ m ~ m  

{32.10) ~ f ~ l ~ ) - ~ f l w , ~ )  ~ w l ~ )  

fl fq¢l 
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~ l  ~ I ~ / i  P i i l  f i l i  1 8  a l C d "  

~ w~m ~b ~ m a'am-C~b'd~ n"~ an mmaan~ ~d'~ vsr~ 

~erame0~, ~ here m~Oan ~rnldnemlk 

In vm~r41 o ~m~ cdl e,,~rqm feb ~ ~ h~dNWuml ~rW~In e ©lure. ~ ~dlv ~-.~.. 

~ tour (~,m NrmD m:~dWt prwmm#~ Nui~ ~ ~Uid g~r mm h¢~mr pr~pmm~*-. 

hw-,uu d ~ u4sim, kdl em am mmqlmr Ilu pra~mll~,,~ *, ¢ I ~ n ¥  

radmll" (,?mFw-rOkl. 1976) UamllyUlOn~rf lradkaOWalaSelUiVpmpmlietym 
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Drlora on Ulm. am tim Joint dlelrabulm er f  md t le olvm W, 

(5214) p(f,  v I s12 .~ -~2 ) -p ( l lm , I i 2 , 1~2 ) l l ( u l l ) | 2 , 422 )  

ampt-Z f,.4jk( al)| f l  C.ij~Cql)fllk 

| v " ~  ~ i 1 -I~C ar, pl -Zu 12( ii121 ~ I ?l  

rt rNkl 

14~ }2]'n~pI-T..12~(IIk) 2 fL~',Z 2 I 

fhua, tp~ ~ 1 1  tirm~ to mo~m. q~ I d ~ r  ta~ mUo~ d r~ak c4omlr~allm. ~ l ~ l l ~  

w~l a~ar  ~ i w  ~ 1 1  oin Im ~ l ~ r a l a d  loin ~ si~le, ~V~ad ~ l ~ l m l  e ~ ' w ~  ~ .  kd uo 

~ r~  cur elS~ln~ to d~OV~ll m l l ~ m ~  ~r  ~iee nmi l~  
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..~,_ldodm..t. B,saad. ~ ~c..  ez..tclb:Llo~ [ z . u m n Q  

33~1 f"lodel,,, O a n d  I 

rlolJpl 0 dlm~ lisa f~ile dale. f. m r is~O fr~nm R ¢ kadipmdmM POlaNa pro(sea, wflih 

m ~ t y p w " t ~  nt~ct~ .tu~tmttotlth~tt ~ r t ,  T m t t e ~ l ~ t t t ~ t ~ P - t W t m  

medel, roll m m t ~  |tkolt~md M ~ r t  d~,a~Mzl Im ~ u l t l  ~ m h e~V'Ne r ' I /  

wk~h~ moll mot | had it, vndi~ f'~IM 0. Ut  eM*--d'd ~ mqa~id Iocidl~ r'~144fl 

(S3 I )  r~j - I q / nq  

t ' ~  I. m t.ho etlhir IwAd, tm~e W e ~ raPtl WNI tho Indlvtdml mfl r~/m. TM 

ISkef~uod 4f ~wdR Is g~4~ Iby ( $ 2 6 ) m 

( 3 3 ~ )  ~ , l ( v ) - ~ , ( v .  ut ( t )  . u ~ l  ) )  

r , ~ ( ~  I Ik~ko~ W l ~ a s  or h r.tl aro b'~ sokd0um o~ Ihe ns"m4 eqJlm~ 
a 

(S$'Z) - -  ~ II(flal°) " ~  "PllJ F'lJ(I) * flJ | - 0  
4M Ij 

# 
( 3 Z 4) In K I I z )  - ~ -hi} C,.~(v) • lot  - 0 

~" t l t )  I 

( 3 3 5 }  M IKI(V) - [ |  -nil £.,tj(*e) • |1~] o0 
,t~z(j ) * 

NOW fled ($ Z '() is kmplf~l ~, ($ J 4)mad (Z3 S)f~a- t lvrmml./ l ' l f l  kall ~ ~ D lie ~lt 

m p n ~  frlqwmz~y ~ gw tl UI c~It, ard u0~q] UtIt zmutt! "dO~ noltMkm", tl~ normo~ equgtime 

s~m,~i~y to 

( 3 3 6 )  f~t ,f~ 

( 3 3 7 )  ~ " ( .  ~( 

TP, mAtt, Ow mat-tool na~aitt~ot~ ktaply t~it the mqm~m~m I~kolllv~d mtlmaliof tho £.lj gllv~klbe 
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aura ahat ~ rlnulald fla~md ~ hiM} r w  iae ~ inlrylm u~(d~ ~ Uu, 

~ ~ ~ m 0 u u *  mmrelnL 

H I r n I ~  ( I g?4) lwm,Jm Ihet the 0ff  IM0r taha, I ~ N admptN g r  aog,tlglg ~ nl-n~0 

ID l i l i I e .  lMuu~ ,~X~roa ( I "A la~ l l o l t l J l i on id lupe f t l I gnq~ ,~ j  [ g e r l i m i t i i m i ~  

n~]]L . . . .  ] " j  n H fire1, g i r d  o'~I ~ eIid~ Ioar~ad rgu, ~ ,  
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until anaplUlu (3  3 5 )  aria ( 3.37) i ' I  m t u n i I  

I ~ l  l int gmJ mnlreimb h r  m tm l l i q l  l~qm,clm i re mm Imml em Ikdlw'J { 196.3) 

I i Imcm l  cmJlrm~s ( Z 2 2) Ira" mflmilln0 imre I rmklmm 11~m. # (m e l i l v  * . - I m  mm~ 

J l J l ~ l  l l l ~  J J ( / e t ~ l l J J  )~'e a J l ( l l  I ro IB i /BU l l  I J ~ m ~  kt @~ e ~  N ¢ ~  

mm' i t y  m emllmM la mld0tllm, qlvJ ldddm m ei lmlkqm mmmllqd I r  e M / ~ q l  I)eJlw's 

- - ' I  I ) v d r t t q w ~ e * / i u r e m m r m . n l  I .m i ,me~m01 ' f  m l W ~ t ~ w ( e ' m b  

Into ~ m ~  I I~Uu l~  om k n I t ~  

3 . 3 . 2 0 ~ I h  l! i ' d  Off: IOOI  m N I ~  

A farilltlaiaoI lle~eltiln m d t'lmlki II ~ Ike lila~-~*,,-,nm of khe isr tim" vat l ~c l  

I~Uuu l2 ( i l )  I m , ' ~ m i . ~ . t e m m  L a i l m a t t m U ~ n t s b i a d a n t h o i ~ ' d a s ~ r l ~ l m e  

t ~  ~ - t r t o l l w n  ~,1 md tim I m r ~  I r a ~ .  f: 

P(~.~I ~ ) 
(S 318) ~1 H *~ ) i 

t l ~  m l ~ l m m  I a t t l ~  I i  m wlm eml~lml(v ~ l ~  ~ uu Im-~' tm~ ~ m  

,'lllV~ll i i  eil~l~ I ~  e l m m k l ~  

Feii~wllq illqmN~(l~ IN LJ~rd (I~17(~) e~l Lemlm~ ( 1 9 ~ ) .  I1~ I m ~ ' i ~  dletr I(~t Im 

I~ ( 3 ,$ O) otto Ni imr~ lmsMd tly i i f ' m ~  d l ~ ' l N f l m  J~m~q I~s mum el h ma~  el 

~i4#~)e~'Ikistmdlml ~ m  I ne f l l l ~ , t ~  k m e p l ~ W ~ l ~ d l t e l o o i ~ / ' i l r  
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i l p r m m  ~ m r ~ l i  
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I l l  
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k I M ~ h ~ W  M ~ d  ~ d m N i W . l ~  ~ 

(331.3} ~ £ ) -  t - ~ - I P  I I E ~  , 

I01T d l~  ll 'f.(II')) O i D i T i~ l~ . , ( l l * ) )  J 
{3314) J l 

I ~ l l £ ( l * ) )  O I ~ m ~ e ' ) )  * l i r l ~  I 

m Im( 3.3.14 ), Ilem r u n  d U I  d i p  m i - k  O ag'Telpm~vmO ~l ffw Imt r,mr emd ~ 

ef me t l ~  Ires tmn dmUd Tia e m r m l m i  jDmm'W ~ m w  melJ'h ~ h es luee~ 

aaBIlarmmt~,~", bt lmdl i iMdl~lm~lkql(3 3.14) ~ l l lmm' lx  kL~rtilWll, 

C- I .  
Ill. dim~tsd kt ( 3.211[* 14 ). omt/~ m iMillmld "d I I  r~dml d f ~ l  

arc.mpmm~ Se I~lv l~/e wlml~ mllo o~ me ¢lmlflc~lm Oe4,~im m .  w~lm 

l / I l l  t l  ~ l l  kr i II FIMIIIO Ihl i l l  i "  d ~11 I l l "  i l l l r  I~l im r l lmrl l  I~Nl~ 

( 3 3 1 6 )  f*) 
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(5~ 17) Ii|- f'tl " - -  
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u t 23( t~)  
( 3 3  ie )  t~k - ~'~k " - -  

Thho / d e l J n l ~  ~m ke m4vlM umag wktp m llgor fllwl I f lmt l f  M UIM / (W" 

6 ~  in, ItS d 1410~ II. an Hiltt~l ~iltM et it lIPf Ip and ii Nid~ W 

slop lheelOortthnli~w4~mlllMmldleRm111~rnsnilomr~ Tlaefbmd 

,ffwds. u. u i ( i ). iml u..2( j } are a~l v'iq~m d IM. IIIUAII me i'~l mm'11~. 

fl i¢'dfl f°f~laDbde~irUi~ll Thfl~liitl~mlUt~liml~iI.mdm 

m u f l l v o * t d o ~ l t q d w m x ~  m q N d l I I i  n ~ l ~  Ul~lm ) 4ndulZ~l lk  ) . O~lw 

beck in U~o tPF rap. mlrtmia the adqm'OU, i~  wt~ 

(3319) Z ai~Ul2~q ) • utZS(l~k)] 
k 

~ U~D got m41. ~l ~ U 12{ ~} } irid el 2~ i~} Ii18 ere tlt~ ~id m IM Ii1~il 

N ~  P.~ strop C~, to ~clm ~k ml Irtm b,~ Uwee ~ SWps ~Jl tim 

ao,mb ~,d ,leorge, m ~ f ~  
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| . 3 . |  I t l l ld l l  I I  l i d  II1: [ M t e d  114t l l "d l l lMe.  

A Ilqmtm mlltnl~ ~ ~ II r lw l r~  IMI IM ~'W ' 4 ~ ' m  d I h  v l  2(q ) t i l e ,  ~ .  

b l ~  I'tu~ uw'eare RCv92(I}) tmlm.mil~eire ~eOandp~tt~maattiimmtitel 

m m t0m arm. 11~t k. N a m ~t~lm m utlnatm prlm ~ I~ 
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LillriINlklliM(l~/77). t ~ M l o r m ~ . h l ~ B r o t r e m t i d i i t D o ~  ~,n- 111 

[ -ata~ el e o0alio 11mretm d 11~ eilor NIm m m m  e~ dmr oval 1~ m -,~lm of aim 

be- ~ I~ d (r. w I ~ ) .  glm~ ll~ l ie .  f, end m oa'~lnd volta d I~ M thn M-slail. I~ 

lo e i t / a~ l  Iw m..,iUtm0 tam mw#id Ioalumi kndtw~ TI / le .  the I'l-mp mmm el 

• * t l  I l rWi l l  r l- a i~  Irer r1~lar mpmme*d dlllltlm lllul N lm( 3 2 10), Inl nulal~y 

ad~bl0 I ~  ~ ' , ~ e i m  ~' the mmclml m t ~ t :  el ~ t-rap, la thu oam £v~12( q ) AX 

0~ nlkmqmM N-Mip. ~ Io ql l iml im 1lira minimum Ilkadilm~l f ~ : l m  M IP~ eqpad~ voklm, 

ka thW omo. 

(1320) I[IZ ~,s0j) l  / mC 

1hum. el 11(!  • I )# re t i re  d me Eta eloertt~m . ml  reqedrm 5~e cmdatmil dlm'NMtm ot tte 

ul2(l l) glvm ~ l i ' ~ l  ~ rmd h m l l lm id  I~ atWad frlm qm irev4mm 

(3.321) P(Wl2lt,a2 t ) 

M diem'Jill m kctlm 332.  m IpWWtINil tlS~ by i mentor ia i  nmmi e~lr m~dm 

AI reretm (t  * ! ). the ~eelq~ue d u~ prNr ~ -mm. IF t ,  ! .  ~'eh~ W. 
(3.3-22) ~ ,  ! - Z I (v"  I ~  I|) (t)) 2 ,  ~art(ul~ ~) )j t ~C 

wow'~ v" i ~ el ) (0  avlVa'~Cvl ~ ~ ) ) r e  mu mm and,,fW~ dmoml ~'m Inw nmNI 

~m,.~tmM(m ,,n ~4@ t d o~ EI'I mip- IWm 

l / l l tm l ,  d mm(M elk~'tll~ elcmnqlmmlu~fl fl cxp~r~m O ~ . l o C r ~ m d  
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It Is mlso p~uSolw Im I p l ~  ~111 li~dlhml d i~L il | It II pmi~b Wlnll p( I, f ] i~ ~ ) 

and the nm'ml a p p r ~ i i m  d w. m ~ ~ m  ( 3 $ 6) ~ 1 ~  ~ 

w , , ~ l m i i l m  k r  Im p,(wl f,¥Z) al w" ,,mll, mvo 

( )  32Z) I R d f l  a 2) - ¢ ( f )  - Z~I COl ( w ' )  • Z fq H ( . q ( w ' ) ]  

- 1~ ( Z n 2 )  - ~ v * t 2 ( q l l 2 / )  2 - k I I Z ' I l l c z  

The rely hemly o m p ~ t t m  rulullred to ~ ( 3 3 22) b the d / rmkaml  d lr - t .  emaktx 

d m ~ r  i IC, it * C - I .  w ~  m iIC X liC dil81~l i m r  bt ~ Uo I o l f  r l l N  imw l l r a l r .  Ibm 

pr W ~ l r ~  cm Uwn N m W I p 0  plmnkNJ ~ Iq.- I l n k M ~  ($ $ 22 ) a o anl d ~ 

amd Ipprml~ tm00m nmimmm d tim roB i i l q lp 'Wh TMo mm be OW m m (~*d *i~kmlo. er 

m'~ I i  u'n'a i ~ * l i ' t  MI pek4 f l -  k [1'I i l p l l l w ,  k i M ~ l m .  I h l m ~  k 

m.oq ~ ~ #u~-m/lun~ r~gn'dlnlg U l  udmf~fl~, el me M ~  ,m, W4m 

~ I I  l ~ d ~  ~ o ~ ~  

mr  tool qiprm S i r e  of tM puW'lar ~II~'aMA'~ d Ilim i - I r a  W d the m'dlr IqC * It * C - 

t t n~  ar~o,~w-l(X),OOOilmr,4ilmm ~ m ,  m t  lUrm~lhu, wi~llgml~'lx. I ' l ~ , l a "  I)~ 

Erl e l ~ t ~ m .  ~m r u l b l m  rely ~M t r ~  ~ thts mb ' l z ,  m~ b',t~ ~m M m q ~ M  ~h~ ,~b  

d I h l u  mla~l l l l~ l l  u l o l l  u ~ r l l~k* ld (m- PIMII ii om k- Im jd  kl |mlllw- I1~ ( I M2). 
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41 I fill 
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~ I f ~  mr l~drhi.t 

trlr flhlM II. I ~ l ' / q  q l l~  fro" I t i  EM dp'RIm uml Oqllmll IN (~mtll I~  ¢hl 
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maklw~d~ncMBM~w~U1blmlhL ThDnmm14moltA41rflr p i t  IOOHI~v~qW 

( 4 1 1 )  tOO~2:l~q - rq I I  ~ . 

~ r ~  m m m - r ' m "  I m ~ b V  

( 4 1 3 )  I ( f i l - r ' t l l 2 / f q  . 

Har~, f~ r ~  to ~ u t l  I r m t u i ~  of am'feints fer ~ tim oct1. 

|It IlZllldkl ¢~lql8 ~ II118qJrllr ~ i  1Jill lira nm~lrl'~ml I}411~ ~lllZ~lml f fl t~lB I ~ IIIIlD~ 

Iho r l l d  effzd ModM I u l l m d ~  Th@/ir~ Immld In m m ~ l  w4~ en qurlrll ~ ,  Vim pr W 

v r  tram, rail k~ ted m',u m i e n  laMiwa the a l m r v l  ~ m l  multlplkmllvo Imodel 

eiUmmm fer ~ w . t h e a a m e l ~ m ' r r  lur al l  1 2 6 e e l t e a V O ~ p r e a n t  for I"tmlM 

I to r l l vmd m 0 456g list CaM fw" MedDI It mtu,-,h,, Air ~ iargar rliSEt Im le eukWvgd k 

eM r u l  umn mmr~q r r f .  

The CI11 -figaro -,-,.,-kern4 wOlih rlodDI i I i  gqmt wtll~4 taojld M miimd to MOl Oil fit 0f thai 

maloi Umli" I ~ n u l l  h ~ o O i m ,  l! le dleirtbWilm o {~ t -a~ rowf lh  I0~ d l ~ a n ~  frndma 

Thts cwTwpmds to e p-volw e( alnA O O01, t ~ k i l t q  e elmlfmlkatly s i~ l fka~l /partura 

ft~ml MaBt I | ~  CM - ~ A r o  l i ~ ,  lllUD ~li~ Of~lr t lO n a o ~  0( ftt, i~ rq~i~d 

Mmuurm ~ ~ m N  olsa mmlM~ ~ ' / ~ y  I f  I1~ 2'/mlu, u~ll~ mm'~ I~n I000 

~pmurm, qh134 ml l l ' l ,~h ~ l l l n  500 ~11 ~000 mpmlrm,~ l~  ~ l ~ r ~  I01 mll~ 

I r gm l  I~r m l b  w l ~  l u r l l  nun~r~ ~ m p m ~ l ~  F~" ~um~lm, t l~  rml  mmn I Im 'u  qrr~r lu 

0 4430 per toni Ira- J'led~ i m l f ~  sad 0 25&0 per m~d fw' ~4,mwlr kai i D ~  l l i m l  

Fer m l b  wll~ lmur  i l u u r m ,  Im ~r~rmm~ Iru mX m v m L  Fer ~m~c~lhl, ~ ~ ' l m l  
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I ~  mUm~n  i re  ~ r y  cl~m I~ l lw l'IMbl I u l l u m l ~  

A l lm l l  ~ q  p ~ l l ~ l j l  d ~ I IQ I Io IIO ~ l ~ f l  l h l ~  l l l l q l y  lo im ~JLI 

I ~ d m r l l m ~ r  1 9 7 3 U ~ l l I m - ' m a r g ~ W l r m m  1972d11 l l I l ~ r  ~ , . , ~ , , ~ l l a c ~ l u ~  

I I ~ l h l l l  r i l l l  In- 1975, IIII IP~r i l l d  I l l u  m l i l u / d  I I  III11NI l i l ' l l  I I I Im l l l l  n l l i l l l r  i 

i i ~ l l i l l A  1 9 7 3 w l ~ d l l l l l m u i ~ l l l h l m l J f  l l l l ~ l m l l 1 1 9 7 2  l h l l l ~ l ~ m l h l  

I1~11 I I I  IPII I I I I  I I I I I l l  I r l l  I I I l u l  II1" i ,  ~ , ~  IIII ~11 r I I I I  r l l l l l ~ l  I" IIII ~ 1 1 1  r / I  TI~  

f l M l a l l l n l l l / "  i i ~ l d i m l l c ~ l U l ~ l l ~ l l l l ~ l ~ l  r~ lm ~ l ~ l u ~ r  1973. 

( 4 14) tll(?S) - fi)(73) [%fl~(~2) I [fq( 75)] 

w~lr~, fq (72)  ~11q (73)  It111u ~ b ~ " ~ l  mlmlls~ ml actdmle emJr~ roll b 8 d Uu 

l l l ~ m l l m  l~l ' /~md Ig' / ' ]  ¢~omdh~lt~ T l l lmml l l ~ l i l lma l  I'~flO i~ I 9 7 5 ~ i 0 8 E O p ~ ' ~  

~ "  m m m  Ig' l~,  p ~  r , ~ m q l t ~ , a q 0 m ~ l p m ' ~  IsT~ z¢ I ~  ~ r ~ l p  

f f d l  1211 ml l l l .  Em 15Mill I I Imll~6'~l M IM m a u l p r i ~ l l l  PtJoi I eld beelm en 

ell h m ,  I I m ~  IJ~ d i l l / rm~  Ir~ ml O ' m ~  I 1 ~  i ~ ' r  lud Oem md Ilu 1'5~tl 

I - - d E  d m l  l l d  l l k ~ ' l l ~ l l m ~  e ~ -  I~o ~ al l |  ao l lm~l l  f0r alOllplo, 

l l  imlm IBIolul l  I 1 1 "  I i  i ~ 1 1  E,'lnl 0 (1~3 I~" ~ml fro- INI 197Z I d ~ f ~ d  wI I  i i I I hN l~  

I~0 ~ ~T~2 I ~  o i l  I r  B I  ~ i - I ~ l  I I I i ~  ~ 1 1 ~ 1 ~  

~ o A ~ r ~  ~ f i ' d  ~ l a d ~  ~ l m e l m  In k r ~ e  ar ~ a l ) ~  e r r ~  111. 

l l ~ l r  ~ l l l  i r r l ~  I I  i I I  I l l r u / ,  Mmll~ II U l ~ d i  alTl" ~ i l l ~ f d i l l  

W 4 1 ~ l  ~ r  I~1 ~ h ~  i ~ l  I ~ l l  ~11 -~ - -  I I I  N m  I l l o k ~ l r ~ r l  ~ U~I ~ Iph ' lml  

I I ~ l l m l l m l l l l n d l l l l  1972 I ~ r l ~ r l l n l r l v l r l l l l l ~  l l l l l l l  1 4 m ~ , l l l l r ~ l l  
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otii~air form ttal r i W  it~C4 mddel idm4Ne w~Ik Ow m i p ~  ~ "d  kMQm ors C ~ k f  

super ~r W 

F k ~ ,  k r  adh. wl~h knmr U1m 5~Q m ~ l i l .  ~ hm m m h d  - = ' i i = -  

d r ~ k J ~ o u ~ i r ~  19721mr~MrMm I t 4 m m l M u o ~ o w a ~ I k ~ i ~ f  

rid M I  |I~/6m- prldk~ M ,  i M  m l  W ~ o ~ i i  ~ ~ m o ~  d i  Or M q  

WRn~MDe i r e  dashed lho ef fw'meu behmm UW h,o sm M mW~ i i k m l  a~  ~ 

h r ~  | h o i i  ~ m g ~  4ro vqry c k ' i  Jm~ lhO mlp~k '~  ~ 4 ~ i l  r s d l  0n 

QI  f led iffe~ modM wNm odl s~a~ ~re miMl. In ~ ,  i ~  b ~ 0  odb,  ~ sk i~b ~ M 
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4 2  b III 

~ . . m  adV ~ ~ INdk~Um a ~  W ali~a mllrs ~ m~inb 

aidl~qe0 mli l .  F f  mimplm, i l l  n t o  qDl, m l r¢ l i l  . - i  f l N r i l  Ill~dq fm larrNl. 'y $ wglm Wm 

~ n I I ~ i d ( P l ~ , ~  ~) - ( 0 ~ , 0 . ~  T b l ~ m ~ ~ i R ~  

~ a ~ s m e d l  a n ~ s  

llr ll/'!PllU I( II llllll ~ Thl Cmlpllll ll~Io d llslcllIl Cln l llllol In fomltlr lln 

(l~O~). Irf llUlllpll, IIIIIII opt, INrr Ill i llvlnl III llrl-ll~ry I inla rlo imcl~nll In 

W ' I ¢ ~  ~ b i d .  Fsr al~aiplll. If Ilao a~fqm mcId~d r.illiil m $ I 0~0. 

lll~ IIl I l fir lllul hll4nl l lillllll lllldld, | I 61 llr ~I~ VtU~ ~ i~, inll I 

WL 

FurSg~. m i  l i t  I I~ g,s~im m am~mcilmz~m~l lrrmlNmaao I~ real ~ p f ~ r  Amwdf~,~ 

me ~ , - ~  , u w ~  0¢ a~cs~nn¢~ Add#tmwd I c l i n t s  i n . a m  q~, prsalcli~ r l  ~ 
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t ~ , ~ u m ~  * m i ~  I~ ~ n ' t  San. la- m ~ l u .  itSmql, d d. ( 1 9 ~ )  

* d l ~ d I O . l , ~ l t  t s l l t m i i m  t $ ' l ~ / l l m m l i | o F . , ~ m , ~  

I + k l I d  r i l l  I i  • 1973 i~l11974bllh i I i ' l l I I y I I d I I I I I l I L  Slnml'18dll III - - * m i . l  

,u-,+FU ~. i...,~.~ Indlv+mwl ~-Idml r i l l  i Im I~ I I  d Inllkt4dull 41-1q~r r l m ' m .  ~ ~ 

~ l d  I I ~  I m ' ~  ol I m d  Ibm c m N l n 0  m l m l l m  t ~ o l q m  m m l l q  

I r f  I I im, -~m,  l - l ~ r o  m c i m o l f m l l I r i l q  I I  lllW" Im-r~lry, 4Pl~" ¢ i ~  m l  

nmWe" i I I m l ~ l B i m  1972. Ol I I ' ,+~l l~ I l l£ l  r l I  In 1973 |m11974 m I I I l l l l l W  

p I I I n i l M d i r w d r u l u w I I n  t h ~ l m l r t ~  Aplm. i l m r , + / r u l ~  Ix 1973mt  1974 

Nr,u i l l l i I  a l I r t U l  m a l l l l m  ( 41,4 ) I lhl l  IIw i ~ r d l  i n l a i d  r l l l l  l i t  I l i l  ~ i ' ~  

imuk lmlEI iuwlmr ,+ l11977Pi I i  In 1974 U u r l l I i l ' I n l l l l : I : l ' ~ m l m u I I l ~ " I i ~  

r~b +-' U llw IIailn alwllp IId W II~ Ara al ImPll~ ~ l / ~  m 

Iq74 i I  301 ~ IIIm I~ 19721 W l ~ l ~ ~ i ~  

P l / .  kr  i i i l~ l l ,  ti dldllIIl~ 

( 4 2. I ) £  I f " l~(k)(75) - f q (k ) (72 )  I ~ "  

m I* ~ k) (T3) k141~k~ Io bl ~ ~ l m l l  n tmNr od I I~kiml l  oooJrt~ll I~ 1973 ~ l l l  

omlDl~ l i l r l  glvm k~ ~hl fWIiI lira m k l m l  d Ili)11 VIII Ifl I~ l '~  I ,  Ih11141W4II'y I 
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q ~ .  a r l l  4i l i I  IN IN I I I~ .  l i ~  I I ~  orrari i r i  I i l i t  ira- MmDi III i b M i  

I}IIO i I  qraI. I 4 1 n l l  i ,  f i r  t[r h~ l ' l  I I ~  i t  i i *  i i  I TIeD I ~ p i l  I cu r  

h r  g r d l c ~ m e * r  t m w m  I r n ~ r  k r  ~ , ~  m ~ m . ~  b ~ r l ~  w 

~'mW I|1 m lk l l g i ~  HIIIm, f ,  ~ ~ n " ~ d l ~  f i r  ~ fO~l ' , i  I ia l~ l  v l I s  iirMi~l ~ 

1974 ....id, n ~  

[ ~  m l r S k  fqaro  mo ~ m p r l ~  d a ~  | s i ~ i ) . , . .  151e i m r e  ~ t e c b  

ammleN e r ~  Sl p r m ~ i l l  b r  i I 4 1 1 b r  i r e l e  d d r m  m s~ ry  cem, the i W u l e  

I ~  Io Mi I ~  4 1 ~  In ~ l l  I ~  d r l  0, I ,  i r  i| I r r  I ~ 1 0  U Imldlcflisl 

IS73 I I i i l d  r l i I  l i t  d r ~ w r l l w l l  I r l l r  l i t  m m Ig72. IPmiem f r s r  i= 

0.~ I ~? i l r  N011DI 0 " d i I i  N I ~  -"0.02~ k i ' i  II | i S  {~ Ilae o~11111, IIl~ 

l l l r l l l  i l l ' ~ i  I ~ I ~ d l ~ l  I00 f l ~ I n .  I l e l ~ l / I n  l l ~ l ~ r f l r  

I k l  III I l l / I  ~ 
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L I  
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TABLE I 

DRIVER CLASS DEFINITIONS 

Driver 
Class 

MD rtAR M 

r,ID SGL M 

HD MAR F 

r,ID SGL F 

OLD 

YG MAR ii 

YG SGL M 

YG F 

Married males aged 26-65* 

Single males aged 26-65 

Married females aoed 26-55 

Single females aged 26-65 

All drivers over age 65 

Married males under age 26 

Single males under age 26 

females under age 26 

*Age and marital status are as reported in 1974. 



TABLE II 

'l"~n[q ~r ORIVtRS BY I[RRITORY 
AND URIVER crass 

DRIV[R CLASS 

T(RPTTnRY MO NAR M MO SGL M 140 MAR f MO SGL F OL0 

I qR~2 468? 9830 4110 2243 
2 2U]3 934 |9~0 813 5~2 
3 ll4fi 418 I0]0 36q 408 
4 1045 465 1018 428 414 
5 7[!0 319 716 29q 171 
6 743 263 740 22Z 226 
7 647 2~6 567 247 213 
8 717 310 654 247 186 
9 15~0 707 1436 585 294 

10 8~I 37~ 840 324 788 
I I  16~ I164 1508 ~72 533 
12 819 485 79~ 455 176 
13 1523 6BO 1341 574 3R4 
14 758 345 718 259 356 
15 1725 I'~18 1394 1288 651 
16 ?~)g 1037 J~31 906 577 

VG MAR N 

588 
152 
gZ 

195 
71 
51 
4q 
46 
B8 
77 
96 
33 
96 
R6 

198 
132 

YG SGL M 

2981 
593 
354 
340 
222 
217 
229 
226 
438 
291 
511 
260 
457 
245 
492 
64H 

TG F 

3103 
644 
Z87 
358 
243 
233 
218 
234 
463 
299 
SIO 
273 
449 
287 
512 
644 

Dora taken from the 1974 Caltforn$a Drivers record'study 



TABLE II I  

-..j 

OBSERVED ACCIDENT RATE PER 
100 DRIVERS BY T[RRITORY 

ANO DRIVER CLASS 
IN 1972 

DRIVER CLASS 

TERRITORY MO MAR M MI1SGL M NO MAR F NO SGL ~ OLD YG MAR M YG SGL M 

1 7.05 9.33 3.96 6.06 5.31 8.50 13.68 
2 5.80 6.42 3.58 4.31 4.17 9.2| 12.98 
3 5.I& 6.88 3.11 4.66 3.19 10.87 8.19 
4 5.01 7.31 2.55 S,6l 3.86 5.6 12.65 
S 6.14 8.15 3.91 6.35 4.68 2.82 lJ,71 
6 6.86 9.51 3.65 4,50 3.10 3.92 17.51 
7 5.72 9.79 3.35 8.50 1.88 0 17.47 
B 8.51 9.68 3.82 6.48 5.91 4 35 18.I4 
9 6.27 9.62 3,13 4.96 S,78 11.36 15,07 

IO 7.04 14.72 2.50 6.79 8,33 11.69 )7.51 
I I  B.O0 11.60 3,65 7.45 5,25 4.17 16.83 
12 G.19 6.60 4,40 4,62 S,11 0 11.15 
13 7.68 11.32 4.18 7,I4 5,99 17,71 16.63 
14 5.94 9.86 3.62 2.32 3.37 8.14 19.18 
15 9.45 10.21 5.81 7.14 7.2? 7.81 12.40 
16 8.45 10.99 3.90 5.41 2.95 8.33 12,81 

VG r 

7.19 
5.43 
6.Z7 
5,03 
5.35 
6.87 
6.42 
7.26 
7.56 
7.69 
8.63 
9,89 
6.68 
4.53 
G .45 
9.94 

Data taken from the 1974 Cali fornia Driver Record Study. 



TABLE IV 

MODEL I ESIII4AT[S 
OF ACCIDENT RATES P£R I00 ORIVERS 

BY TERRITORY ANO DRIVER CLASS 
IN 1972 

TERRITORY ND HAR_M WIDSGL M NIO MAR F MO SGL_F OLO YGNR_I! YG S~ M YGF 

I 7.14 9.42 3.8& 5,91 4.96 8.29 14.16 ?.14 
? 5.B6 ?.?3 3.15 ¢.BS 4.0? 6,~s3 IL.62 S.B6 
3 5.18 6.84 2,79 4.29 3,60 6.01 I0.78 5.18 
4 5.49 7.25 2.95 4,55 3.81 6.27 10.89 5.49 
5 6,25 8.2~ 3,36 5.1B 4.34 7.26 12,40 6.26 
6 6.90 9.10 3.71 5.?I 4.79 B.O| 13,68 6.90 
7 6.79 8.96 3.65 5.62 4,71 7,88 13.47 6.79 
8 ?.97 10.57 4,2B 6.60 5.53 9,25 15.81 7.97 
g 6.82 9.01 3.67 5.65 4.74 ?,92 13.63 6.83 
10 8,14 10,74 437 6.?4 5,65 9.45 16.14 8.14 
II 8 16 10.78 439 6.76 5.67 9.4~ 16,19 8.17 
12 7.00 9.24 3.?6 5.80 4.86 8.13 13.89 7.01 
13 8,17 i0.78 4.39 6,76 6,67 9,48 16.70 8.L? 
14 6.48 8.55 34R 5.36 4.50 7.52 I?,84 6.48 
15 8.41 11.10 4,5? 6.9? 5.84 9.76 16,68 8.41 
L6 ? 64 10.09 4.11 6.33 s.3L 8.87 15,16 7.65 

D,ILa taken fr~n the 1974 Cal i fornia dr iver  record study. 



TABLE V" 

MODEL 11 ESTIMATES OF ACCIOENI 
RATES PER 100 ORIYERS BY 

TERRITORY AND DRIVER CLASS 
IN 1972 

CRIVER CLASS 

TERRITOeY m m~.M m_sG~ m m~ r MO_SGL r OLO ~G MAR M Y~_F 

I 7.08 9.38 3.92 6.01 5.10 8,35 13.86 7.18 
2 5.84 7.3S 3,2S 4.12 4,05 6,94 12.22 5.77 
3 5.1g 6.80 2.83 4.33 3.55 6.20 10.07 S.]O 
4 5.37 7.30 Z.86 4.65 3.79 6.31 11.43 5.43 
5 6.2Z 8.26 3.40 5.26 4.31 7.07 12.48 6,15 
6 6.85 9.15 3.65 5.55 4.60 7.81 14.40 6.84 
7 6.53 9.10 3.57 5.83 4,48 7.66 14.35 6.72 
8 0,07 10.36 4.15 6,51 5.47 9.02 16.43 7.83 
9 6,62 9.27 3.52 5.53 4,82 B.lO 14.24 6,9e 

I0 7.82 11.65 4.01 6.76 5.91 9.59 16.82 8,11 
11 8.05 11.14 4.11 6.89 5.52 9.07 16.54 8.?0 
12 7.48 0.64 3.82 5.57 4.81 7.91 13.51 7.29 
13 7.96 11.06 4.32 6.BS S.?O I0.00 16.64 7.91 
14 6.30 8.75 3.45 5.05 4.32 7.46 14.12 6.21 
15 8.92 10,65 4.88 7.00 6.07 9.56 15.39 7.95 
16 8.03 10.41 3.97 5.99 4.81 8.67 14.20 0.12 

Deft taken from the 1974 Callfornla driver record study, 



TABLE Vl 

Su~ARV I'qEASURES OF FIT AND PREDICTION 
OF CELL AVERAGE ACCIOENT RATES 

FIT TO L972 RMES PREDICTIO8 OF 1973 RATES 
'Wean Root Wean Cht ~ ~ean Root Pean Cht 
Absolute ~¢lua re Squire Absolute Squ~re Square (r-or ErrOr Error Error 
(Per IO0 (Per tO0 (Per I00  (Per tOO 

.OrWers) O~tvers) I Or|rots) Or4vers) 
All t28 Cells 

197E Observe~te¶sO, I i .8523 1.4040 29Z.55 
F~xed Effects NQdel I 

Est *~ates .636S 1.6096 152.181 .7752 1.1256 178.35 

Empirical Bayes ~de l  111 1 
Est 1mates .4S69 .8S64 |00.90 .7303 1.~931 165.90 

i 
27 Cells g l t h •  10(30 Exposures 

ri~ealgzz Effects ~del t I I 
Estimates | .3167 .4433 20.79! .4494 .3354 36.31 

i { E~®lr~ca) Ba),es Model ! 
E st l~aate~ .1760 .2660 8.18 .4053 .562S 30.9t 

I 

34 Cells With Between 500 and LO00 ~.xpOsures 

Fixed Effects Model [ 
Estimates ,85S7 1.0856 39.96 ].2875 1.5822 74.64 

Empirical ~ayes t4odel II 
Esttm~c :s .~94 .B060 24.02 1.2100 l .S006 66.24 

i 

67 r.el"l~ g~th ¢ SO0 Exposures 

F~ed E~ects Hodel [ 
Estimates L.5546 ~.1626 91.43 1.3293 1.7420 67.41 

Emp~rfcal 8a/es ~todel J ( 
~s~mates li-2901 1,62~J4 68.6911. 3245 1,76S3 68.;& 



TABLE VII 

M ~  III I~ICTIONS OF ACCIDENT 
RATES BY TE~R/TO~Y, DRIVE~ (IASS 
AND NUMBER OF A C C ~  IN 1972 

~4 
~D 

Territory Dri~_r C l a s s  Zero 

KD.RAR..R •. • 68 
~ J ~ G L , J 5  • .069  
PID.J~R.Jr • .  038  
PW_B(;L-T • . e s 8  
OLD O . • 4 9  
YG-,'SAK-/5 O. 984) 
YG.J~GL.-PI • .  129 
yc_ l r  0 , • 6 9  
MD-.]SAR--.q 0 . 9  S? 
ND..SG[~I5 • .  • ?  I 
~ D ~  O, 032 
I~LSGL.. t "  o .  • 4 9  
• LD 0 , 0 6 0  
yC._r.AR.~ 0 . 0 6 6  
YC.J~GL.J~ • .  I 13 
YC--F O. 056 
HD_iqAKJI • . O S •  
RD-BGL--~ • . 0 6 6  
I~JSAI~_F 0 .  • 2 8  
flD.-~IGL,--I r O. 042 
OLD 0 . 0 3 5  
y ~ J u ~ . . n  • . 9 6 , )  
YC-SGL--N O. 696 
YC..F • . O S l  
RD_MAII_PI • .  062  
nD...SGt.JS O. 0?9  
PlD.J~IIt_F • ,  028  
m ) . J C L _ l r  • . • 4 0  
OLD • ,  037 
Y ~  • . 0 6 1  
YC-•GL-J~ • .  106 
Yc..,r • . • 6 =  
RD._HA K..N O. • 6 •  
ND..SGL.R 6 . 0 ? 9  
I ~ D ~  • .  033 
~ . S G L J  r • .  •S  
OLD • . 0 4 2  
YCJUdq-.Iq 0 . 0 6 9  
YC.IK;:t_J5 • .  1 I ?  
Y U  l .  060  
I~,..JSAR..M • .  • 6 9  
ND..EGI....~ • . O B 7  
/ m ~  o . • g 6  
RD..IJG L....F 0 . • 6 4  
OLD O. 04  It 
Y ~  • . • ? S  
YG....BCL.....N O. 152 
yc .Jr  0 . 0 • 9  
n D ~  • .  • 64 

• .  089 
HDJI~Ut_Ir O.OSS 
Pm-IGI. . .F 0 . 0 6 6  
OUI  0.1,44 
YC-NA,-VL,q 0 .  074  
YC..•GI.,_R • .  t 29 
yc_ l r  • . 461  
~ - I I - t R - H  • .  O?T 

Number of Accidents 
O r e  ~ ~ u - e e  Fo~.~ 

• . I • S  • .  161 • . 2 4 3  • .361 
• . 137 • .20G • .31 ] • .45? 
• . • 5 9  • . 6 9 2  0 , 1 4 1  • . 2 1 4  
• ,gqO 0 ,  028 0 . 2 • 9  0 . 3 1 3  
• .  0';' 6 • .  i 18 • .  17q • . 2 7 1  
• . 15'3 0 .  I S ?  0 . 2 8 1  • . 4 ]  5 
0 . 1 9 7  0 . 2 9 5  0 . 4 3 5  0 . 6 2 6  
0 .  106 0 . 1 6 3  • .  266  • .  365 
0 . 0 8 8  O. 186 • . 2 0 4  0 . 3 0 6  
0 .  I I •  • .  168 0 . 2 5 4  0.3"77 
• . 0 4 9  • . • '76 0 .  ] I ?  0 . 1 7 g  
• . • 7 2  • .  I 1S • .  16~ • .  2SS 
• . 6 6 2  • . 0 9 5  • .  146 • .221 
0 . 1 0 2  O. 11"7 • . 2 3 7  0 . 3 5 3  
• . 173 • . 2 6 0  • . 8 8 6  0 . 5 6 0  
• . 087 • . 113 • . 2 • 3  • . 304 
4 . 9 ? •  6 . 1 2 0  0 . 1 8 3  • . 2 7 6  
• . I • l  6 . 1 D 5  • . 2 3 5  • . 3 4 9  
• . 943  • .067  0 . 1 9 3  9 . 158 
• . 9 6 5  0 . 1 • !  0 . 1 8 4  O. 234 
0 . • 5 4  0 . • 8 4  0 . 1 2 9  0 . 1 9 7  
0 . 0 9 2  0 .  t 4 t  0 . 2 1 4  • . 31~  
6 . 1 4 7  • . 2 2 3  • . 3 3 3  0 . 4 8 8  
0 . • 7 9  • .  122 0 .  186 • . 2?4 )  
0 . • 8 1  • .  125 • • 190 • . 2 8 6  
0 . 1 0 8  O. 161 • . 249  • . 3?6  
• .  • 4 4  • .  069  • • 106 • .  162 
0 . • 7 9  • .  108 0 .  164 0 . 2 4 8  
• . • ~ B  • , • B  4) • .  |ST  • . 2 0 8  
0 .  • 9 4  • .  146 0 .  220  • .  3 2 6  
• .  I I ~  • .  248  • • 364 • .  830 
• . e 8 2  0 .  126 • .  195* • , 288  
• . 093  0 . 1 4 3  • . 2 | ?  0 . 3 2 4  
0 . 1 2 2  O. l a S  0 . 2 7 9  0 . 4 1 2  
• . •S~ '  • . o a e  • .  123 • .  IBB 
• .•?q~ 0 . 1 2 1  • • 185 • . 2?6  
• . 0 6 9  0 ,  I • 1  l ,  IBS • . 2 3 4  
O* 106 0 .  162 • . 2 6 S  0 . 3 6 4  
e . t ? e  0 . ' ) 6 4  0 , 8 9 " t  • , S ? S  
0 . • 9 2  • ,  142 0 . 2 1 8  0 . 3 2 2  
4 . 1 • 2  O. I 86 • . 2 3 6  9 . 3 5 1  
• . 133 • . 2 • 3  • . 364  0 . 4 4 7  
0 . 0 5 6  • . • l ~  • .  132 0 . 2 0 1  
0 . • 8 4  O. 129 0 . 1 9 6  0 . 2 9 6  
0 . 0 7 •  0 .  168 0 .  160 • . 2 5 0  
i . | 1 6  41. | ' rT  • .26'T • . S ~ $  
l .~q) I 1 . 2 l l  0 . 4 4 3  • . 6 3 6  
O. 1 • 2  0 .  l e t  • . 2 3 6  • . 3 5 1  
• .  0 9 8  O. I fie o .  ~ l l  • .  340 
O. 182 • .  ~l,  1 0 . 2 9 1  • . 4 4 3  
• . • S $  0 . 0 8 4  O. 120 0 .  197 
0 . • 8 6  0 . 1 2 2  • . ]1i1 • . 2 0 1  
• . • •q )  0 - | • 6  0 .  162 • . 2 6 1  
• . 1 1 4  0 . 1 ? 4  0 . 2 9 2  0 . 8 8 B  
I .  198 • . 2 9 8  0 . 9 3 8  0 . 6 3 l  
• . l e e  • .  II~* • . 2 1 2  • . 2 4 6  
0 , 1 1 0  • . 1 0 1  0 . 2 7 2  • , 4 0 2  



TABLE V I I I  

0 

I 
n 0 d* l  

Year(s) Used For 
Predlct4ed Estimation 

0 

1973 I 
i l i  ! 

111 

L 
0 

1974 
11 

111 

0 

1973-74 I 
I I  

II1 

Nunl~r of  Orlver$ 

5umery fleesumes of  Prediction of  accident rates 
within categories defined according to number o f  accidents tn 1972 

~ .  ;RmE 

,0110 .0254 

.0111, .0251 

.OIO7 .0249 

.0095 .0217 

.0143 .0295 

.013~ .02BB 

.0135 .O295 

.0127 .0275 

.Oil3 .0231 

.OlOS .0219 

.0101 .0215 

.0087 ,0191 

107,731 

Drivers with 0 } O~ 
Accident in 197 z J Ac 

,oo07 .o1~ I-,oo28 1 0 4 ~  

.0080 ,0114 -,0029 ,0495 

• 0075 .0111 -.0029 .0494 

.0070 .0103 - .0000 .0370 
a a i 

• 0117 .0168 -.0021 .0449 

• 0112 ,0155 °,0022 i.0446 
I 

.0108 .0149 -.0022 i.0447 
i 

,OtOt , 0145  .0007 1,0~7 

.0080 .0135 -.0025 

.0080 .0112 o.0025 

.0076 .0106 -,0026 

.0068 .0099 .0003 

100,771 

.04%. 

,0408 

.0408 

.0404 

.0300 

Drivers with 1 Or 
Accident in 1972 [ Acc 

, R~SE i. ~ ,MAE 

.068! .0371 ,1452 

,0680 , 0 3 8 4  ,1447 

.0578 , 0361  .1449 

.0572 , 0 0 1 4  .1421 

• 0659 . 0 2 7 4  .149S 

,0653 . 0 2 8 7  .1460 

.0651 . 0 2 8 4  .1484 

.0613 -.0003 ,1587 

• 0553 , 0 3 2 3  .1271 

.05S9 . 033S  .1257 

.0557 . 0 3 3 3  ,1260 

.0468 -,0035 .1153 

6.522 

Drivers with 2 
Accidents in 1972 
E i~.sE ; .( 

.2107 .0927 

.2099 .0%2 

.2101 ,0955 

.1885 -.0144 

d i, 

.2562 .0737 

.2548 .0773 

.2551 .076S 

.24S8 -.0334 

.1868 .0832 

.1654 .0858 

.1857 .0960 

,1668 -.0239 

4 ~  

Orivers with 3 or 4 
A¢ctdqntS in 197) 

I 
,3452 I ,4631 .Z157 

I 

.3383 I .a638 ~ ,2250 
I 

.3396 .4535 i .2238 

.3589 .3776 -.0252 
! ! 

.3049 .5923 .1266 

.3008 .6015 .1359 

.2699 .5993 .1343 

,4535 .6116 -.1143 

.2926 .3944 .1711 

.2801 .4018 .1805 

.2804 .3999 .1788 

.2843 .3623 -.0697 

30 


