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£ L3t o] Aol FE ol JFARGE AR, i BAke] F4e A9 o828 4 Stk Al
ko] wp2t}. AFH AAZo A= IF 2 oJAAZLE Q] EAbe] ml¢ & FHo Ak (Overdispersion) 4 & 4~
AEd, o]& FAIE AL I AASY BELAV) Hos = dAfo] DA

B3 Bg /ide] Ashy] wjiel AAE BPX 7t dAEA e A9t Bol, REA R A5l ‘0°Fkel A=
T Atk B =AML ‘0ol B2 A5 E4S f8 AR 23 (Zero-Inflated Model)& 12 3kaL, o8]
BYPEo 284S ASASRE B3to] vwsiditt. A% A5 B4 A, Aojitxe} ARRA d4do]l EAske A
FoA Az S0]8 2 (Zero-Inflated Negative Binomial Regression Model)©] 7 -&2¢ 23U &
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Zokd IARYL FolF BN U BP0 R FF} FAko] L8 4
A= B2 dolEollA Eito] HrTt vl 2 o2k (Overdispersion) 848 & 4 gt o]t
HoHEE TelsiA SheThd, B4 2HA9} RELAE WEEAE /A7 B Aolth (Cox, 1983
Grogger3} Carson, 1991). %O]fg AR L o]#]3F FAEE T3l o] Qrf. EI B
Ame] B WSUS A%e ASolE 00 ol BT o] Uk o]ef@ A Amol AL
0%k Atz A4s 1S —5': °] sFHE webs] FEe) A2y @go] 2T A A2
# 2-o]& 23 (Zero-Inflated Negative Binomial Regression Model)©] ©o]#3t &35 Rl Wk
3 4 Q7] wiioll Wo] o] &% 1 gt} (v, 2009). DeanT} Lawless (1989), Gurmu (1991), Jung
< (2006) 183 Ridout S (2001) S-o] o]&]3dt oe]7}A] Zols 3R A Q] Fhatzol thst A
g A ot
AFolX = AgHlolE oA e = Sl Feiibze} 0] AriEd FA7F A= vlolEE o]
ol HEACHIE WAASE WMeHEE T1 AYASED BAS AsiHl A8, Tols 3]
3 (Poisson Regression Model; P), 2] 3|7 23 (Negative Binomial Regression Model; NB),
Az 3 ol 3|7 XY (Zero-Inflated Poisson Regression Model; ZIP), A2 3 208 3|AR
3 (Zero-Inflated Negative Binomial Regression Model; ZINB)E2] 2§ A5 v 2ot}
% =Y 742 v 2ok WA 2% M e Hla BPO R FolE, FolF, ARPARYS A
2, Sejzel AzARl die 14 A BBl ol Atk 3ol A% AR
7}X] Fof ke A 2B el sk 7Hd HAY) vin RPEES Bk Brh v go g 47 =
E< UHETh

£ ZHga). aeug A

(

éo* o

=
o
=
=
=

FU o riw I

N,

i ok

9o .
90) B2 4 (2.1)3} 2o] ekl 5 am.

— expl@lf)
= exp(xi fi1) exp(zi2fi2) - - - exp(zixBik)- (2.1)
A 21D)M x = (@i, @i, .. za) £ AEASS] HEoO|IL B = (1, Ba,..., fk) £ FEAFOIT

b
2347 FE) ¥E A 7 o] 2elt AAVSE AR 2194

SR 212 A, 9 Aol A
2IARYSE oS3 Eoks AARFNA FFAS ol th 2L Hr)SEF (Maximum

Likelihood Estimation)®S o83t} Xolf Rye] 29T

n

InL(B) =Y (=i + yiIn s — Inyi!)

= Z (—exp(ziB) + yiziB — Iny,!) . (2.2)
i=1
o W) 4 (22)04 2APEAS HAAAS B FAL 4474 wel] da AL 5 G, 1 o)
229l w2 FE-F<=1 (Newton-Raphson Method) ]t} (Cameron} Trivedi, 1998).
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CIICIGS —“% e 3 % & TN T ot
op =) I TR = ojp En a TP P 3% o) T

(2.6)
(2.7)

SR
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=

=45

s
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for y; =0,
for y; =1,2,...
for y; =0,
for y; =1,2,....
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A (2.7)9 AZBE FE ¢ 5 ZA2E AZTl o5 A (2.8)3F o] ZiyE WSt 2Y3 &

_ _exp(Ziy)
= 1+ exp(Zly) (2.8)

A7NM, Zi = (zi1, zir, - -5 zik)'s ¥ = (1,72, .- -, 7) " ©ITh
BE}t yoll th3k MLES #3b= o] 223 43 2 2953845 th23) o] F3 2t}

3

InL(B,vly:) =Y _I(ys = 0) In [exp(Zy) + exp(— exp(x;B))]
=1

+ Z(l —I(yi = 0)) (yiziB — exp(x:B))

n

=Y In(1+exp(Ziy)). (2.9)
=1
AZIA, I(y: = 0)2 v = 04 ol 18] gh& 7M€ vndgelch
thro g Az Folg 7Rl FEAFTTE 4] (2.10)3 Zo] B 5 Ut
¢i+(1*¢i)(1+aui)ﬂfl, for y; =0,
fuled =3 ) Twita) ( o )( i )-‘f I
YTy + D) \a=t + a ) =g
A (2.10) 7 22 22E 2= gEd ZINB(M, )2k Bosta, AEBF 5 ¢l thejH= =
Az AAFel o x¥E 5 ;’lt} ZINB 2HA B2t yol thet MLEE k= o] 283 23
FETTE 2 2ol Atk (Cameronz} Trlvedl 1998).
InL ﬁ777a‘y1)
- exp(Z7y) 1 —amt }
= I i = 1 7
St =0 oy * Tz

n Yi
+Y (1—1I(y: =0)) (Z log(yior+ 1 — aj) — (" + yi) log(1 + api) + yi log pi; — log yi!)

i=1 j=1

= “In(1 + exp(Z77)). (2.11)

i=1

2395 g HAdFste B2} yoll gk MLEES 1317 S8 of2] ¥o] o832 4 l+=dl, SAS =
2139 PROC COUNTREG ZZA|AdAE uAd 2y )3t &3} Ho2 Quasi-Newton,
Newton-Raphson, Trust region Al 7}#] ¥}y o]&3}1 Ut}

2.4. 2HOEEZLL M2 dEof st Ve dd

>

AR fFol ol die A Hle 2y %‘7@, Wald@@,
A (Likelihood Ratio; LR)2 AP X 3o
2 8% ZAeltt. = o HIAl ;(uncondltlonal) MLEE]— 3}

ﬁ
E
~
ol
Ez
P
o
2
H;d
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I 3.1. 2eUof HAse 22
AFHE HAAT IR LR A N EE
04 7,821 76.68 76.68
14 757 7.42 84.10
27 1,032 10.12 94.22
34 207 2.03 96.25
47 203 1.99 98.24
57 60 0.59 98.82
67 50 0.49 99.31
74 26 0.25 99.57
84 18 0.18 99.75
94 6 0.06 99.80
10 ZAolAt 20 0.20 100.00
A 10,200 100.00 100.00
Az stollA 2ALERS (= logL)o] Higrt 2w go] MLEE Be} a4xb. 121 LE Bl
Al Le] grolel sk, LE BolAel Lo grolgta kAt $=n] AAlAE L3} Lo] vlwdct. 3%
g 27 239 2a95e) @ o, SEugt AYFADFES 242 4 (212)% 4 (213)2 Fodn
(Piet9} Gillian, 2008).
L
A= 7 (2.12)
21nA:2([ Z). (2.13)

2.5. 3"}

239 Awge nyo) g3t 259 ZAAT(R)Y 324 A5 (Adjusted R?), Mallow C, 2
AIC(Akalke Information Criterion), BIC(Bayesian Information Criterion) 59 S43S 53| =4
2 £ It} (Berry$} Linoff, 1997; 284 5, 2001). T3k 2 A3 a0 AIC =+ BIC 5 of
| FARS & 73\0] A& avlsfof sty BICE 249 o Kot g2 AdS Fo24 AICH vl&)
2 Aol k. A8 7 2 BE dolEY F ol BICY YF d<eslict
Nejale AgFo] 9t} o] Aoz AIC7F AEHT} (Piet} Gillian, 2008).

3. AR
3.1. MR

& ATE Akl AR AR E 1996 497H 1998 109744 AR ] DBl 249 1A b
oJElE, HAA TS Hﬂ%‘s‘i#i HISE o] uA AR SR o] Fo|A k. Heoly A &, ZALE
7Fs 791 204 o]/ 60A] Tt EWH’M—E THALE FH37] S HFH R 10,2009
tlolBE 240 ARgskginh whke s HaA g fAseell, B2 vaat 2ok & 3.1004
N W gho] 7 05702 BARS 1,602, P77 Yol HaA R8-S MAsA b 7HdAt
= 76.7%cIth. Anuaed whewseo] Ha gl 2aks AviEY 1 329 2o & 3.29) o] =
Hoke wf o dutt ddollA 24t/3w el Aok o Aa1, ARE Bl A 50-594 oA 24t/
o] 7P 2 Apol g Holx itk AA Moz B uf Bk Pyt oF 3uf A= Atk HAA RS



490 EES, 2010|, M5
E 3.2, MY AY0| M2 HUUE HAS B2 U 24
ol 8] A
;ﬁﬂ] o o =2
0~39 40~49 50~59 23 o
B 0.536 0.463 0.566 0.533 0.542 0.510
2t 1.622 1.333 1.678 1.694 1.663 1.412
Ba/Ha 3.026 2.879 2.964 3.178 3.068 2.768
=X 10,200 1,842 4,925 3,433 8,522 1,678
I 3.3. 2AMX2o Hp
W b W Ay T
ID IANT 17 AENE
NY 2712 T HIF G4 3/5/7/10d
] ) L 10%H o] gh/10%~50%H /
HP IdAEIAE Y=z
A * 5071 ~100%H /1003 o] 4
BG WAIE AdAd Wgol wet 2=z 38 | WEHG /N L/ MER/FEF
AGE A ekA} ol & EES] ZOEH/3OFH/4OEH/5OW
SEX A F2}F A A G2/ o 2}
JBHS Aty HIZAL uAoA H3y3 A 0~2674
IBHS A+ HEF & 993+ 0~957
IJHS ol A 31 4= A g Aol A E FEt A 0~77
CHHOI | A<ygua34 Z7] REAFHE WA A 0~297
A3 BAA ALY ARE FE Xold 22 E AL Fs oAl o] ol vlsl E4t
o] & Aol g £ & vydfof g}
ESH F 3104 S EEXE AFHEY ‘00 AAEHE vlEo] 76.7%=E % =l AAZ ¥
L ABEoA ‘0 F FUEEZ o) fxﬂ?f]'Ei olggt a5 WAT 4 e BYS | of st
E dAFolrE BEd ol 543 7 vk AS REAGUHE AT LS vX = AHHTE
2tz At ARG S o] Lste] Lot} st HFAHoRE BN o]8H W+ & 3.3%
2Tt
RIU N ol S S| Kbl P giea PS
Tl bz fFef st 7HES o33 2ol 8 E 4 Utk oF itz siEbuE ek &,
Ho:a=0 ws. Hi:a>0. (3.1)
o] A9 AFTHd o] Folwd o4kt S8R ¢kar, AF Mol ARleold kTt Ex)sitt. B
AR A= SAS ZE IS 0] 83 B4 A} foleF 0. 053}01]*1 JJrEH" Z(a=4.04)7F EATE &
ok =3 5H] A4S Bl FujstE EARE AR W, Xolg B Jo|g By LR
AEAZFE AFE 12 FHAFEEE man AHFTADT g2 3456 22§24 0.05004 7]+
&3t metA] 8 Ao ARSE dlolEdl HojdErt EATE & 5 Utk AR 2ol AR
P AP ol FAEPS LR AAFAZE 58002 Fo5F 0.0550 4] Fehitzrt S35t
=
AERHE S ¢ietr T wl, A2 7o) st 7ML o3 2ol £9E 5 Ut

H1:¢7;>0.

(3.2)
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I 3.4. 28 Hlu
=23 InL AIC BIC Dispersion Parameter [a(p-value)]
P(Zol53ARY) —10679 21389 21497
NB(Sol g3 72 ¥) —8951 17934 18050 4.08 (<0.001)
ZIP(A =z FEZol53]ARY) —9173 18381 18503
ZINB(A 2335033 ARY) —8884 17807 17952 0.71 (<0.001)
|P-ZINB| 3582 3545

<=4 AL 55 A=A AR E AuEd, ol IARYI A=AH Zolb 3R
LR AABAFE AHE 19 7o AFEEE nan AGTAZF g2 301282 {4 0.05914 717+
Aof| £tz RIS 7174 &, Sold ARG A2HH o) @H’L‘?ﬁé«l LR AAEA
0534 AR S 717t asjEgE B Ao AMSE dlog o Alzg%

3.18 N25AZH 3228 53 2 A7 AH2d dlolge FJulatze} Az o] 2AeS & 5 3l
At oA HP%tH 1 BEAGRNE HAAG TS v AL 8208 AR At AR S
st &, 7 Aet 23S ddstaz) sitt. Ad3e 2AERYE o839, IARYHY BEE
of th3t MLE:= FE-HSHHE o|&8l 7ottt 5402 Ags 4717 BPL2 23 A% 7E5
A 8395 (InL), AIC, BICE H7lalgitt 2837} A] dukdog AICS} BIC o] 22 23
S Adst=d 2 A= & 3.49 2t}

dutdgog 2ILE 2 33, AIC #3} BIC g2 ZE4E 59 3o g Fusitt. E 3.40904
2ol IARY(P)T SolF ﬂ%ﬂ‘ﬁ*(NB)«l In L, AIC, BIC & vjwsl £ 23, NB 2¥o| ¢ ¢
ot 2102 waEnh. &, Yold 3Ry A2 xold IR (ZIP)Y InL, AIC, BIC <

=2
AP w, ZIP B¥Po| B 43 250 2 LrepT}
E TAT Ak nMAL 7821407 NB Ralo] AR 718 A 771740 R o259
: A A%7) 0~27 S A Ao ZIP, ZINB Bdo] AA R A ol &5 91,
3~57C NB malo] A4 Bt 714 215 o 25= Aoz Uepdth 64 oAk mx ZINB
ol AAZIT 7P SAH ASH ArE R e RY2 tEAT FHo R Hoke o,
T2 RYAS vl e 77 3190 o3 =Ye] 4 EE ZINB > NB > ZIP > PR Ukt

A (AGE)E 2 AH R, 344 n|vt B¥2}o] v]3)] 35~444] HHAS] BEA L WAZ S 0208 =
1.2252 22% © @1, 45~54Aﬂ LA 0120 = 11272 13% T Wl X, 554 oA} LA 344

u)ek B} wa] HPAF HAZFT} 290 = 1.0362 4% A= vk =, 344 nike] B2 LA}
Sl vl 354 o4 £AAEE] ASIAAGT BEE ¢ 4 AT Fedld] RAAAES BUD

AR EE, AEOR QR VNS o] 7 5 HEF B2 A70lER o)d A3t =EE o HJ)
AE(SEX) 2 Ao Rd, o217t Aoks WAe A4t e 1% = 0.878% waje] wis) oF

o= et ol 0%“% Ak} ol mls) FAAARE ] 7 WAL, AvE AR dAE A7)
2oz Az,
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08
—--p
o7 Y B 07
06 il 06
ZINB
05 —o8s 05
il 04 L
03 N 03
02 0.2
01 0.1
0 0
0 1 2 3 4 5 6 7 8 9 10+ 0 1
HEH G HYE S iAo A
01 003
008 —F - =P
“““ NB -----NB
0.08 7P R
007 e 002 4 N8
006 —0B5 —0BS
1"0.05 2
004 001 -
003 .
0.02
0.01
0
0
6 8 9 104
3 4 5
HEAGHES HEAH Y HAR
0 3.1, vhSELol Uit 23w
¥ 3.5. 289 0157t MSE
RPN Observed Predicted MSE
e CI uEg P NB ZIP ZINB P NB ZIP ZINB
0 7821 76.67 6422 7717 7288 7662 240 0.1 3.5 0.3
1 757 7.42 2700 1357 1220 1225 479.1 457 27.2 278
2 1032 10.11 742 520 874 635 78 244 23 147
3 207 2.02 196 246 475 322 0.1 0.7 332 6.2
4 203 1.99 71 130 213 165 83 25 0.1 0.7
5 60 0.58 35 74 84 86 1.0 03 09 1.1
6 50 0.49 18 45 30 45 1.9 0.1 0.8 0.0
7 26 0.25 9 28 10 25 1.0 00 09 0.0
8 18 0.17 4 19 3 14 1.0 0.0 1.1 0.1
9 6 0.05 2 13 1 8 03 08 04 0.1
10+ 20 0.10 2 51 2 14 1.6 0.9 1.7 0.3
SHA| 10200  100.00 10200 10200 10200 10200 526.2 755 721  51.2
SARESHP)EE B, 109 v GEAE v 10~509H GREAES AlkHA 347t
0200 = 1,221 22% ] B, 50~1007HY] RIS 658 = 1.8928 oF 0% A= A kA A7}
=0 E, 1009 o) FREAEL 1 = 34247 109 vk FHEAE) RS 240% o BE A2
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= vepgrh. 2010 BEauRF ARZA A A% AFH BUE $EL 41~70890] 7 e
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| b riz

59wl hsf Avneth M 47h FARGS ol AARY, SolF AARY, A=WP
Zole BY, ARRY o PO, ¥ A7o] AGH volee} 2o] TejstEst A=Y Aol
S ARIIAE A2 SolF B0 A FE E%o]ﬂ@# sict.

£ HlolE e ARlg WARSIE 148 2700] B BE 54L T, o)k TR 949 BY
o) 27t 2 AuE 99 % sz AzEr. = oa ol tsiAg 2 Zo] kel 24 2
ol BSlAE 112 et Sirk 2 Aol AU AWY B 045} 1 5], & T Ago
g el mefsh myolth webd Al 3150 AR ol 1eE 4 b Mg BYS Aue
thel HolHE HS 2 49T 4 9 Aotk Rk ohzh, ASuolE B4 o] g5 =Y 3 sh
9 HurdleRd $42 F715t0] Al24% B3 vlas) Bt 2 £2 Rolt

02
]
i
gl

N

0.
N Bl

| &<, SHafEl (2001). <dloleinteld: WHHE B &8> (A39), AHrobtuv], A&

12 (2000). QEABEH(GLM)S o §3 AEARE 2 ATE 429 A7, <HBATA>.

195t (2009). ofFet RYILE F3F A5 A YA A, Journal of the Korean Data & Informa-

ton Science Society, 20, 515-526.

(2009). <AZHH S0l 3FRFL 0] &3 MMS ARE3 o] i3 4> ALA A stn ey 57
at AL =1

H52, 2FA5| (2010). 2010 HF AR A} AR 2AL, <HFALD>.

HMa|F, 2184, 218, 718E, 224 (2009). <EIAEE S8 st AP >, Alo]ZE A, L.

Berry, M. J. A. and Linoff, G. (1997). Data Mining Techniques: For Marketing, Sales, and Customer
Support, John Wiley & Sons, New York.

Cameron, A. C. and Trivedi, P. K. (1998). Regression Analysis of Count Data, 7th, Cambridge University
press, New York.

Cox, D. R. (1983). Some remarks on overdispersion, Biometrika, 70, 269-274.

Dean, C. and Lawless, F. (1989). Tests for detecting overdispersion in Poisson regression models, Journal of
the American Statistical Association, 84, 467—472.

Grogger, J. and Carson, R. (1991). Models for truncated counts, Journal of Applied Econometrics, 6, 225—
238.

Gurmu, S. (1991). Tests for detecting overdispersion in the positive Poisson regression model, Journal of
Business and Economic Statistics, 9, 215-222.

Jung, B. C., Jhun, M. and Song, S. H. (2006). Testing for overdispersion in a censored Poisson regression
model, Statistics, 40, 533-544.

Piet, D. J. and Gillian, Z. H. (2008). Generalized Linear Models for Insurance Data, Cambridge University
Press, New York.

Ridout, M., Hinde, J. and Demetrio, C. G. B. (2001). A score test for testing a zero-inflated Poisson regression
model against zero-inflated negative binomial alternatives, Biometrics, 57, 219-223.

02 o> ret
0

MR M

a

N N
\-Oh

a

=

JE
0>
m§



494 FS e

A Zero-Inflated Model for Insurance Data
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Abstract

When the observations can take only the non-negative integer values, it is called the count data such as the
numbers of car accidents, earthquakes, or insurance coverage. In general, the Poisson regression model has
been used to model these count data; however, this model has a weakness in that it is restricted by the
equality of the mean and the variance. On the other hand, the count data often tend to be too dispersed
to allow the use of the Poisson model in practice because the variance of data is significantly larger than
its mean due to heterogeneity within groups. When overdispersion is not taken into account, it is expected
that the resulting parameter estimates or standard errors will be inefficient.

Since coverage is the main issue for insurance, some accidents may not be covered by insurance, and the
number covered by insurance may be zero. This paper considers the zero-inflated model for the count data
including many zeros. The performance of this model has been investigated by using of real data with
overdispersion and many zeros. The results indicate that the Zero-Inflated Negative Binomial Regression
Model performs the best for model evaluation.

Keywords: Count data, overdispersion, zero-inflated model, insurance coverage.
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