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S 91l drcia Jana 3 6B gae daaa Alal 3 ¢ glanal) drua (lgn 2
rEagl) padla
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8 Calill (S AS 31 041 2 ¢l a5 (a8 31 0406 ¢l e S 51 9498.2
S 5 g @l jaall g Gl padall S i Al dlaad) (pelill jiaadS 5 jigig o)) phll g
s b Sl g il sl g cilenal)

o Opalill yaadS H 8 ClES) ddaina Led (el S5 ) shadll (530 (B Law il
LS yiled g g dam Alaine Ap0le sl il puy (Gley Lo Lala o)) plall (el ¢ 8
et Ol LalA cJalaia ) o gas g el sale ) cililans (glats Lasd AlEiSY) Aulid) 4Dl (524
IS 53l (gan) I8 e Lgroia s oy Al Apalladl pmil) Ja g 533 (g 25y jume 8 0l palall (el
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Craagl 8y yuan 8 el Gl gkl (el 45 e ks 4 ) )3 (1998 (o seall) Caadd g
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n —ank—53—072603
LA T
2
((n X k))
Y(n?x k) — ST
A
e 2(k—1)
203 — 38.47945205 164.5205479
= 73 — = = 2.28500761

:Zero-inflation index 33131 Jla¥) y&3a (2-1)

(Sakthivel, K. M., & Rajitha, C. S. 2018) «(Puig& Valero, 2006)

Zero inflations! 31 Jlaal) GLESY (ulieS (Z) ool 4l 3o 5280 30 Hlaal) yise
Al e mamaa ab) T YO I8 (sul s g5 (S (Over-dispersion) i3 caidall
bl 8 B el Juia WU Ca ey il A Sl 4w 1Py ¢ 6 dass sia

Z=1+70 JES o (2o I gh o less

Ul b gial e 5300« PO :E;C\.\;
n

-

0o S (Z) A il 13) 5 60 sl 53 ) 55 @ bl 8yl (5 5l (Z) e S 13l
320 laeal Ly cabilll olé el

=Z dad O a9 i) clily o gadiillyg
In(56 +~73)

0.72603
Gl 52 @55 plasiad oy Cages Uil g 53505 Jlbeal Ly il (6 jiall (e 1 Z 40 -
33 5a Jliia) 5 lllaall sae iy 3 53l (L) adiaie ¢ gul 50 a0 58) 32030 Jlaal) (63
o5l Ga sl
:Zero-inflated Poisson distribution Jdua¥) adukia ¢ ged g3 &35 (1-2-1)

(Zero-inflated  JiaY) dadizic Gly)sll Al 3sall (aje  (Sa
:SUIS (2019 <5 5ae) «(Wolny-Dominiak, 2013) distributions)
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A=) D) y=0
P(Y =) ={ 1-mf(y) y>0
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Al 5 geall e (Beckett er al., 2014) Llial) adaie ) gul g 2y s alla (S5
T+ (1—me*

P(Y=y)= (1- n)e“”(ﬂ"

y=0
y>0

0>0,0<m<1 0

Gla Ge A shue ddlial dalaa (& 71 O lial) adimia ) sul 52 @) 55 dpea (0 LoD LS
Jsanll (y= 0) o Gomls st A (B Gmgail) g sl 8 525030 Jleal) Jlaial
3b o Juia) o J panll el aes iy s (1-7) Al s o el jlial) Jlaia) e
b o Juia) e Jsnanll ¢ sud g2 58 A0 (8 (my gaill iy g m dagl) ) gliall il
(1) el Jia¥) e i s sl yu2 (5 AT dad (o) (3l gl yuial)

(Beckett et al., : IS Jlial) adiaia ¢ gl 3 @358 Cplii g Ja sia e J geand) (Ka
2014)

Var(y) =0(1 —n)(1+0n) <« E(y) =0(1 —m)

1p9 ) ARy pha aladiuly Jlhal) adudlia ¢ gusl 93 05 55 Slalra i (1-1-2-1)

(Wagh et <(Sakthivel et al., 2018) <(Beckett et al., 2014) ¢« S e

Slo dhani Gun Jleall adimie Gaul s qa)si Slalaa ol o5l 435k al., 2018)

Lapall Al Jae ULl e o gunall (Uil 5 Jass siall 51 gbusey o g sall 44yl <l e
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_ s 2
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- Sn”
9=ﬁ+<i_>—1
n

2.28500761
0.72603

6 = 0.72603 + ( ) —1=2.873302

Sy —1
A2 ¥ (552 — 1)
2.28500761 — 0.72603

7= = 0.747318
™= 0.72603) + (2.28500761 — 0.72603)

0 >0 O<m<1l ol idasdenys

O pxily ieal) i ¢ gul 53 58 Akl VLinY) slag) (s (8, 77) R e slaass
A A s

T =

T+ (1—-m)e®

— — -8 gn n=0
P(N =n/6,m) (1) e 5 S0
|

GllUaall 2=l e 530

csd) e Jaans (@lidadll & saae) <l ) SEl SH & sanal) 8 VLAY 038 oy s
ldUadll aael (5 ail)
s sl B g LAY g pas U g 2 el oS LAY (3-1)

i date (e Jlial) adumia gl g s et bl ob (il Aaaa a0 sl

13) Lo e g LAY 138 O G ¢ 5l 8353 JLERY B 55 pans g pa sal € LR o) a)
1 da jall dall (5585 B gu g ccanlio aa ) Agladl) lay ) i) ol 4 il ilay 5 53l ilS
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Y sl oeand) i il i el gaadl Aalll (he JB o 58 panns g sl S LAY A guanal) Al
{(Eling, 2011) «(2015 «_pali) ¢(s kil a5 sill 381 53 ndll a3 5il) (s (5 im0 (58 23 0

105 e — Chg el S LIRS Qlus 3(3) Jgia

) Sl ) Sl
s g | B0 | maen | | e
gl | geaid
0 0.767123288 | 0.767123288 56 56 0
0 0.808219178 | 0.808219178 59 59 1
0 0.863013699 | 0.863013699 63 63 2
0.01369863 | 0.917808219 | 0.904109589 67 66 3
0.02739726 | 0.95890411 | 0.931506849 70 68 4
0 1 1 73 73 5

_J&ay\e&bﬁnoy\ﬁ@jy@ﬁuuw\ Qe 3 padad) a Al

D) adimie ) sl 53 ) 58 i Y cllaall sae sl G Al

el s edll aaadll allaia¥) o LAl dad ST ) Ll Gl Jsaadl DA (e
=4 gaa) Al Gl g ¢ ladll SLAAY) yise dad 8 50.02739726 & skl

136 136 _ 01592
vno V73

oAl Jii il s A saad) Aail) (g il i sipapes LAY el degl of ani 43 laally
D) st ) sl 53 a0 ) 55 @ ldUaall aae ol esl)
2 31 el (53 Ggasl g2 @ 3s8 (il g Jaen ga (3URE) (4-1)

e B3N 5Ll (63 (s s gsd Ol s Tans sidl) dana ) Jpea sl oS
1S (2019

B3 ¥l (53 & gl g @55 Janw ga (1-4-1)
0 677.
E(N) = Zn(l—ﬂ)e - (1—7z)e—eznF

=(1—-me” 962 —— (1—n)e‘992(gi i)'

=(1- n)e—99 X e9 = 9(1 - n)

0

-0pn

o aT _ oo
x=0;_e 8| Rt
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~E(N)=6(1-m)
uy =EN)=pu=6(1-m) =0.726032

323130 el (63 ¢y gaud 53 2355 Gl (2-4-1)

e f%9n

n!

E(N(N - 1)) = z n(n—1)(1—-1)

=(1- n)e‘ez n(n— l)i—T

n=1
o0

=(1-m)e 962 Z nn—1)

n=1

9n—2
nn—1)(n—-2)!

[e¢]

9n—2

=(1-m)e 90?

— (n—2)!
=(1-me992xe? =621 —n;z)
E(N?) = E(N(N — 1)) + E(N)
~E(N»)=6*(1-m)+6(1—-n)
2 Var(N) = E(N?) — (E(N)? = 02(1—m) +6(1 — 1) — (61 - m)”

=0°1-m+60(1-m)—-6*1-mM»)=01-mM[0+1—-6(1—mn)]
=0(1-m[+1—-60+6n]=60(1—-m)[1+ 0n]

= E(N?) :0f uag
p, = E(N?) =6?(1—m)+60(1 —n) = 2.812141968
=Var(N) :o#
U, =Var(N) =6(1 —m)(1+ 0r) = 2.285019

25 31 el (63 ¢y gail 92 2385 shuall Joa gl )l g G o 5adl (3ULE) (5-1)
133 31 sl (63 (& gotl 93 5 Sl (g D o 3ad) (1-5-1)

e~fgn

n!

E(N(N — D)(N - 2)) = Z nn—1)(n—2)(1—m)

_ (1—n)e‘92n(n—1)(n—2)i—1:
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o]

=(1-m)e %63 z nn—1n- Z)n

n=1

n-3

n—1n-2)(n-3)!

9n—3

=(1-mn)e %63 Z o
n=1

E(N3) = EC(N(N — 1)(N — 2)) + 3E(N2) — 2E(N)
~EN3)=631-n)+3[0*1—-n)+6(1—m)]—20(1 —n)

ST (1-n)e 903 xe? =03(1 —n)

;0L Excel g=lin aladiul
ty = E(N®) =631 —n) + 3E(N?) — 2E(N) = 12.97838
130 31 JUinal) (63 (gl 52 @5 Skl Jga gl ) a8l (2-5-1)
E(N(N—1)(N —2)(N —3))

e—B n
=Zn(n—1)(n—2)(n—3)(1—n) —
n=1
o\ o"
— (1-me f=’nz=;n(n—1)(n—2)(n—3)H
(- n)e"994nz n(n—1)n—2)(n
_-3) 9n—4

nn—1)Mn-2)(n—-3)(n—4)!

il 6n—4
=(1-mn)e %% Z T =(1-me9*xef =0*(1—n)
n=1 '

E(N*) = E(N(N — 1)(N — 2)(N — 3)) + 6E(N3) — 11E(N?) + 6E(N)

3 _ 2 _ _ _
~E(N*) = 0*(1—7) +6 gg((ll_’;))”[@ (1-m) +6(1—-m)] ]
—11[02(1 - 1) + 6(1 — )] + 6[0(1 — )]

;08 Excel gl alaaiuly
u, = E(NY) =0*(1 —m) + 6E(N3) —11E(N?) + 6E(N) = 68.51558109
MA&LA%S&L;‘J&&J?‘gs‘lyuUHéjljnJéuﬁ‘JJALAJQ‘&HJQ‘ej}d‘OiJgijwduuj
sl sl Ao Excel el
Uz = 12.97838 « pu, = 2.812141968 ¢ u; = 0.726032
u, = 68.51558109
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1Al gadll o el adudalia ¢ gl g9 a8

Uy H3
= = 7.447393 v B =—= = 2.205693972
b2 (12)? Vh1 (1) /2

s el adiatia ¢y guul g3 @388 unslia 1(4) Jo>

Mean Variance Skewness Kurtosis

0.726032 2.285019 2.205694 7.447393

O sdall el ciliUag Al Aaia¥) a5 98l waal (2)
s lllaal) ad sl G g ol pudall pals cillUag dac &5 (5) Jea

3wl dad GladUaal) sae
0-5m 5
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10m-15m 4
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Gllaall a8 ULy (508 631 (Easy Fit 5.6 Professional Program) gl s plasiul o3 (1-2)
Sl (Weibull) g5t o Sllladl ad of il S 5 ll 5a5n i) g
il o )

Al a5t Slllaall o ; pasad) (2 Al

Aals @5 e Y llUad) add duad) ozl

(0=0.05) ¢ »SI (Chi-Squared)_iay Gda 0.17367 =(p-value) ded :of Cua

Sl @ et clllaall o ol atall (il Jais il

(I 5 gaall e 30aS) il o 5 5l Al JlaiaY) AHES Al cilS
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Probability Density Function

ftx)
m
i
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X

— Weibull {0 46762; 1. 47T83IE+T)
Sy st Jlaiay) ABUS ANA ALl sl gy o(1) JS&

Cumulative Distribution Function

0283
083
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0567
048]
0.4
LERE
0247
LRI
W EE
hE
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X

Fix)

= Weibull {0.46762;1.47TB3IE+T)
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M3y = .lls(N)-HX3 + Un- Us(xy T 3ix- Hax)- H2vy = 5.08 X 10%*
K4y = Havy- px* + Un-Hacxy T 4ix- U30x)- Ba(n)

2
+6llx2-ﬂ2(x) [/«‘N-.UZ(N) + li3(N)] + 3[#2()()] . [HN2 — Uyt Hz(N)]
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:(Yang et al., 2019)
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:(Yang, et al., 2019) ¢« (Aiuppa, 1988)cxiul

JB =4 = 76673
P

2
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Bim? = (F 2 = 58.78749
2

Uy
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% (Mz)z
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:(1996 «l) ((Hon-Shiang Lau,1984) Alaiaa 43 sim dllan) 5 jlud bl (6)
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10

Za(\/ﬁ_. ﬁz) _ ~i=1 ai(m)zf(ﬁz)hi
Zilgl bi(\/E) l(ﬁz)h"
Je (Bowman-Shenton) dsis (e 4a aiuwdls (a;, by, g, hy) o8 o5 :(6) Jo>
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i ai bi Oi hi
1 -15.787 1 0 0
2 -3.9798 -14.83 1 0
3 23.933 8.5161 0 1
4 24.332 23.701 2 0
5 -46.762 -19.419 1 1
6 6.0862 2.4239 0 2
7 15.874 -1.8451 3 0
8 5.236 4.8007 2 1
9 -2.4644 -1.2525 1 2
10 0.28404 0.099997 0 3
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0.04501 (1 + %)
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)3.17982
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S 3.17982
( /2.86657>

S 7.13

T 0.04501 (1 + s—=—==

.f S( 2.86635177?382 ds = 0.9998
346402126 ( /2.86657)
fo S 713 ds

0.04501 (1 + m)
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£ 5l Qs st el G ilbiaial Ty pilall Jlea) gasil JWis¥) @osill (2

B=2.86657 a;=417982 a, = 294996
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A mathematical model to determine the appropriate
retention rate in the aviation insurance branch

Dr. Gehan Mosad EI-Madawy; Dr. Amany Mohamed Agwa
and Dr. Mohamed Mosad El-Madawye
Abstract:

Insurance claims data distribution models are considered one of the
main tools for actuaries in insurance companies to estimate the insurance
price and estimate the value of maximum probable yearly aggregate loss, and
fitting the appropriate distribution of actual claims data is a closely related
problem and a task that is not easy in actuarial studies. Misr Insurance
Company acquires 99.3% of aviation insurance premiums and direct claims
paid amounts to 98.2% in the Egyptian market for this the research aims to
use probability distributions in determining the appropriate retention limit in
the aviation insurance branch of Misr Insurance Company by determining the
appropriate probability distribution for the numbers and amounts of claims
and the appropriate distribution of total losses and then get the mathematical
model for total losses, also maximum probable yearly aggregate loss and
appropriate retention rate in the aviation insurance branch. The results of the
study showed that the number of claims followed zero- inflated Poisson
distribution, the values of claims follow the Weibull distribution. Also,
probability distribution of total losses according to Pearson curves follow
(Pearson 6 Distribution), and the maximum probable yearly aggregate loss by
using the approximate (Bowman-Shenton) equations is (346402126). The
appropriate retention rate in the aviation branch is 19.63%. The study
recommends the possibility of using zero- inflated Poisson distribution in
fitting the number of claims data in aviation insurance, as well as reduce the
retention rate in the aviation branch of Misr Insurance Company for reducing
the loss rates in this branch.
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