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Analysis of reinsurance purchase decision
In light of utility theory and loss distributions

Abstract

Insurance companies face many choices related purchase reinsurance
decisions, such as its type and extent. In this study, we use the expected
utility model and the probability distribution of the size of loss as an
evaluation criterion for the reinsurance decision. The study was applied
to six main types of property insurance, and found the form of the
probability distributions using R statistical program, calculating the
parameters of each distribution and using an exponential utility function
to calculate the reinsurance premiums that the insurer must pay. The
study reached to develop a model that depends on the distribution of the
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loss size, the degree of the insurer's aversion to risk and the expected
value of reinsurance in determining the price of the reinsurance
premium, and the use of the expected utility to determine the value of
the different alternatives.

Keywords: Reinsurance, utility functions, loss distributions, decision
criterion, expected value.
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oS days Lo sy (glly uelil) aadd oolad dlaiu) o Gadad S (S
Bled) 2y g Aoy SR asall 0,8

) 50 o C ) Bliia) s pe Awed ¥ (uali Bale) clutiy A A L

Y = min(X, C) 198 (adall J2 (e 02l calgl)
ih WS Y padall Slaay) dBES Al o 6Si
£(x) ifxX<c
9(¥) = J 3)

kfc fy)dy ifX>CcC

tol WS (1) Aol gadial (g

c
[ ey av+ [ —ek-0 fyyay
0 C

= f —e™K4~X) f(x) dX (4)
0
Aadl) BN Al A P dad o Jui (3) Adalaad s e

Cralil) Bale) Jaid! Aadgial) Aadl) il Y LY
i O cod (ahd zisall (P ) ouelil) silo) bl dad o i Lasic

Sl Jia il bl Byledl dadgiall Adedl) Lokl aa 4dijlie A o
"1




Glaa oy L cpelil) Bale) gga Lalys Gaball (Sar Aa copelil) Baley Al
t ol LaS dadgial) dasdl) il

Jy,A-PX fxdx (5 el
Jo X =0 f(x) dx (6) el

Jia) aalall Bale) )@ MAS) ¢ LY

o el Bale) LB JAI (e Yy el Bale) LB o AEE Jalse Ba sag
UL (e a0 Ao agdlly Gl e JS LS ) cuen gAY sl e Jma
Claviad aaad clabu Jie hldall ddliad) chbEl o Wy Al
[Samson et al. A&l (aild asag chlud) Jaaad cflfy clblasy)
(1983)]

dalgad) JLie) g o3AS) i AN of Auhal) oda B (aiki cigw A u
dsgaral dupudl) dadllly cpalll) Bale) diles Lo SN Ja) (e el cARilad)
S Budl o LA A Bi5al Jalgad) aal of i Gy Aaliad) i)
shlia Jaatl danind dsal Gagall ¢S BBy . shill ddad dajay Gadall dxdau
JSdy shAl Giaia AT Gaje 038 B g M S i 45) G
Ma ) o< By L omalll samal Jhdll 13 Jigadl A (o) aBA ey s
5 omalll) @lyd Gand dad ) hlaall Halu Adlid) Qi e gaY
BAll' (Lasgadll dag Lo Bpiall) (uallll Cld (ans a8 B (Jlal) Jae
g Caalil (gamal e A "Aial)

P L s uiial) cpalll) Bale) gyl B MAS) Al

(P) dud o ol (Gomdl o 4 008 (S Junal) ALy JO0) and —f
(P) cugenal) Janidlly 48 guad) Jalud) lamad (ya R0 Ajliay A3 alyg AL\l

bl SIS LS gl o)) Lals
YV



Blady) jlad aladials «gld IS8 (EU) dadgial) dadial) clus A (e —Laili
o Jalal) Ak Gilus alyg Aafigie dadia o] o gging oM LAY dijpal
ABISia dadgial) dadial) Sl )¢S5 Guny L) Gulida

zigaill Aaad) Gudaill — e,
o Cal) ga MG gl B (ualil Bale) elpd LB Jlat g dgal Gubil Al g
y2edHd A cldghedly cliad) clisali e LU £l LA &5 cad)

sl jae
Joill cpali = el opali = @Al ol
Omaldl)  m @) gpali
utigh ) Gyaali w

Al clnlil) gl ga goi 09 uliad Clilad aisl Juash Cigu
gealial) 358 daaiind) dSLudl (A) (e g (R Abaty) galipal) aladiuly
gl

@l omli
“Inverse  Lla GasSe a4l pdd ULl cliad agsdl dully
. Gamma"'
o Lo g sl 13gd Adlaiay) ABUY Afls JSa Mals

a-1

Y ST
A A2

= >0, vV = > 2
O T a-Dia-2)"

YA



Bdiend) dadlaia¥) claa sl (e Glalea @3 ) 58 (8 Blas Laly LugSa pu) s
clala 2sd aay () el Guglda s gRy cagall Ruiad 1l o §paluud)
[Kaas, -Lala g e cpellll d (Jiad Ulal cuuly 43lh dllily clala a5
[Kaas, et al., 2009]

Cldie i a3 oopalill Joedyd A el g)b b ciliagadl) ciliby duyag
(199.175) &k s Blad) ans bugie sy Lals (ugSia )8 cilaba
Asia ela (199.175)

A il dalide cila o pe cddlidaBaliial g dgaa aladiul (1) Jes s
A o ) (ualil) Bale) Wl ad il ¢ A A g dajata ) Cind
Aa)S dajag ) (je alildia) ladal Uy cuelil) dmdd Walaw Gedall Ao oo
el da g

of Qb dlyy Bgud A1 i Jalad Ay Al dadgial dadl) luda) a3 el
) olal sl olad Aual o) el Jla 48 abal) o S

(4 ) Gl Ol bl 5ale) Bl (1) Jgan
Proportional reinsurance Non-proportional reinsurance
F K c Kk
0.00001 | 0.0001 | 0.001 | E.V 0.00001 | 0.0001 | 0.001 | E.V

0 | 199.374 [ 201.185 | 222.113 | 199.175 | O 199.374 | 201.185 | 222.113 | 199.175

0.1 | 179.454 | 181.248 | 201.994 | 179.258 | 50 | 155.155 | 156.959 | 177.814 | 154.961

0.2 | 159.531 | 161.271 | 181.463 | 159.340 | 80 | 133.486 | 135.271 | 155.942 | 133.296

0.3 | 139.603 | 141.254 | 160.501 | 139.423 | 100 | 120.749 | 122.515 | 142.987 | 120.562

0.4 | 119.672 | 121.196 | 139.090 | 119.505 | 120 | 109.229 | 110.968 | 131.180 | 109.045

05| 99.736 | 101.099 | 117.211 | 99.588 [ 150 | 93.977 95.665 | 115.378 | 93.799

0.6 | 79.797 80.960 | 94.842 | 79.670 | 170 | 85.012 86.660 [ 105.973 | 84.839

0.7 | 59.854 60.782 | 71.961 | 59.753 | 200 | 73.142 74.722 | 93.350 | 72.977

0.8 | 39.907 40.562 | 48.545 | 39.835 | 220 | 66.165 67.695 | 85.818 | 66.006

0.9 | 19.955 20.302 | 24.567 | 19.918 [ 250 | 56.928 58.377 | 75.687 | 56.777

1 0 0 0 0 270 | 51.498 52.891 [ 69.631 | 51.353

300 | 44.309 45.616 61.470 44.174
Laldl das) e i jeaall
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bale) ARl B LalS ) (e (pepal) Bliia) o) LalS AS) Glad Jgand (e
daiad Alglagg all (pedal) 0)S Aaja ) LalSy .aBigia el Mg cpelil) Sale)
oS (g8 Cpalil) Bale) ok o) LalSy ¢ Cualil) Balel Niawd) giad o LalS duiad
Ua gedad of & dalyl Ge gan Ladly sddaud il Lo g o gS
Bldd ajsig ABUY) goi o sy (@llg - ol Bale) b adau La

) s (B dne Lt (ualil) dma o e BliiaY) )akag 8yledd

W
ol L ulial) Gualil) Bale) eyl B 3AT (Sa ¢(1) ot Ao sl
fh

s oy gl WA Jland o g0 Aliars JIad) QAN Ga -yl
G Ay gl JBl) Lada ST dsgund BB o malsh g P cigend)
oSS o) paag Jd ol el o el . A cinddags @) LS ggudl wg
(k =0.00001) o Al Gl oS daya (S
ka9 (EU) dadgia) dadiad cluas YA (g — Ll
A A8UEY) Alla
EU = Jo ) —e~k(A-P-1) % f(Y)dy
s SU) A8LY) Als ‘",A
EU = f C—e-k<A-P-Y> f(») dy + f " _eka-r-0) f(y)dy
0 c
\gindia oS Cigud (20% Bldia) day Ay A8 ) ASHA) cjlas) 1)

1ot (A) A5 Joud Lad Jlie) ogag « K=0.00001 aa dadgial
1

EU = e
pFQ/uF —k)

kP — _1.003607335 529




OS Ciged A gile 80 Bliia) aay A ¥ A8 AHE) cplisd 13 W
ol LaS dadgial) dndial

1
EU = ekP+kC=C/n (i — 1) —e*? = —1.00204 5259
1/u — k

oaadl dd skl sda aladic) (pe dsdSall clagleall aladi) cpaldl) dmad oSa
. ¢ p
aiig . slauglly Gaalil) sama g pagliill Cilaglee BacliSy ¢lgiijliag

LAfd\STa dnfgiall dndial) Jaldi ) o5 G Jaludl) Gubida o Jaladl) Al Gles

LG Bl o Jpanll medll 13 aladid LA adlal e (G W Blagls
oS on O L At ol Bale) 0y AR L) A0H) (5 (g
Lag ¢Coalil) Baley daBgial) dasdl) o gyl A Cpaldl) Bale) Abtua Jalod w33
Aalial) P dasd aa dijlia Jag il un (e "B A’ cilS 1Y)

259 08 Jime B oA Al Cigw cpalll) Bale) ehd LB of Wlu Usuag)
o A Guliall ) Jldly o) diplie die (Sly . Gadalls daldl) gAY
12 o Ao b adal dadgiall dadial) aaa S a8 . adall gAY el jlos)
adlac) aaag (ajall Qaild jlic) sie ¢Sly (Oadall Ll JAY) ga LAY
SN ga AN 13 s W cfaall Ga o) e Wby Bludl) Budg g3l
OIS 1Y) Lase Aipdy ) dnay lly 4iSly JB) dadie Ghan by iy
Ci9S Jsal) ol e b Jaall Jlas (B wax ade gl pa pas 5 gl
SRAY Guiall ) AN sl daiad oy el clapy Sl ciste (ajall
Oapal 138 of (b Gl e S0 (A Bl elf) AR Gl el Aligaty
A ey odiu Ao can U Gualil) Bale) Jandl aB) aall A Ao
clagleall 238 B B cpalil) (gume pa Gaglislly ol Jalady A gadion
el ol g 1ol A JoIa) Ajlia o g

AR



@) calid ¥
AU £ e daly a5t Al i lilull Gudial) a5l Al
b Lo g sl 13gd Adlaialy) ABUY Als J<a a6 . "Weibull type 2"

f(x; a,2) = aix*lexp—(Ax*) ;x>0

r(1+2)- (r(ug))z]

clinalil) 8 5lud) dalail claladiad) amie ladsad Weibull aojss b

1
n= /1‘”“[‘(1 +E> JVar = 172/«

dayas Jaa A Gdie S5 cllud) dadall dleedle (ol a3 (dalad) cilisalal)
el dadgall odald go @3 LAl cagdd elEN) e ddle daga
) Bl Clallad) Jiay diaa 3 AT 2 43l) 13g2 . [Das, et al. (2019)] lullad)
Ga LeaS Lad bl Ll (g Al ddlad gl dadi Ao g Jia A
@losl A5 A July aisls - RA) aliad pagad 1B JAD e alaaY) (e
W Ao Jia Wgasaag ([weibull type 1, Weibull type 2, Weibull type 3] e&bﬁi

Coad) dga olgil) iy cogall Audidal Macd) b
pan bougia i o ((ualill yoedSyd b @) g A gl Clily du)yay

Agia ¢y eila (46.8361) fiay Bled) aaa lauugia

(4 o sslal) sl et el Bl ) Bluddf (2) Jgan
Proportional reinsurance Non-proportional reinsurance
K K
2 0.00001 | 0.0001 | 0.001 [ E.V c O'OEOO 0.0001 | 0.001 | E.V

0 46.847 46.946 47.968 46.836 0 46.847 46.946 | 47.968 | 46.836

0.1 42.163 42.261 43.274 42.152 | 10 | 37.843 37.941 | 38.961 | 37.832

0.2 37.479 37.575 38.557 37469 | 15| 34.012 34.110 | 35.125 | 34.002

0.3 32.795 32.885 33.818 32.785 | 20 | 30.569 30.666 | 31.672 | 30.560

0.4 28.111 28.194 29.056 28.102 | 25 | 27.475 27.571 | 28.563 | 27.466

0.5 23.426 23.501 24.272 23418 | 30 | 24.694 24.788 | 25.764 | 24.685

0.6 18.741 18.805 19.464 18.734 | 35 | 22.194 22.287 | 23.242 | 22.186

Yy



0.7 14.056 14.107 14.634 14.051 | 40 [ 19.948 20.038 | 20.970 | 19.939

0.8 9.371 9.407 9.780 9.367 45 | 17.929 18.016 | 18.922 | 17.921

0.9 4.686 4.705 4.902 4.684 50 [ 16.114 16.198 | 17.075 | 16.106

1 0 0 0 0 55 | 14.483 14.564 | 15.410 | 14.476

60 | 13.017 13.095 | 13.909 | 13.010
Laldl) alae) ¢ i jdaal)

Ol pals LW
Bl "Weibull™ July a8 4 il clbibudl calial) 2 el Ay
o Lo ao sl 1agd Adlaiay) ABUSY Als JSa Mals

a-1 X\ X

fx;a,4) = (%) (;) exp — (z) x>0

2 < 1\’
r(1+2)- (r(1+)
a a
pan Jaugia il o ¢ (ualill yaedpd A (il g b B ciliagal) cliby duyag
Agia oy gida (54.40744) s B)lud) a3 Jacygia

1
u=/1F(1+E) JVar = A2

(Aia o salally) il (el aall) Bale) Jidd (3) Jgan
Proportional reinsurance Non-proportional reinsurance
F k c k
0.00001 | 0.0001 | 0.001 | E.V 0.00001 | 0.0001 [ 0.001 | E.V

0 | 54.422 [54.556 [ 55.944 | 54.407 | O | 54.422 | 54.556 | 55.944 | 54.407
0.1 | 48.981 [ 49.114 [ 50.488 | 48.967 | 10 | 45.287 | 45.421 | 46.806 | 45.273
0.2 | 43.540 [ 43.669 [ 45.002 | 43.526 | 15 | 41.312 | 41.445 | 42.826 | 41.299
0.3 | 38.099 [ 38.220 [ 39.487 | 38.085 | 20 | 37.686 | 37.818 | 39.191 | 37.673
0.4 | 32.657 | 32.769 [ 33.940 | 32.644 | 25 | 34.378 [ 34.509 | 35.869 | 34.365
05| 27.215 | 27.315 | 28.363 | 27.204 | 30 | 31.361 [ 31.490 | 32.834 | 31.348
0.6 | 21.772 | 21.858 | 22.754 | 21.763 | 35 | 28.608 [ 28.736 | 30.060 | 28.596
0.7 ] 16.330 | 16.398 | 17.114 | 16.322 | 40 | 26.097 [ 26.223 | 27.523 | 26.086
0.8 | 10.887 | 10.935 | 11.442 | 10.881 | 45 | 23.807 [ 23.929 | 25.204 | 23.795
0.9 | 5444 5.469 | 5.737 | 5.441 [ 50| 21.718 | 21.837 | 23.081 | 21.706

1 0 0 0 0 551 19.811 | 19.928 | 21.140 | 19.801
60 [ 18.073 | 18.185 | 19.363 | 18.062

Lald) das) ez jaall

Ol oals L
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“Exponential” ) a i) A gl clilboll cliall a5l Ayl
b Lo ) ) gall AdlaiaY) ABUSY A\ Joa 33l . “Exponential
f(X) = de ™
u= 1/2 Var =1/2?

BSIA armia aijgl iy ccpad) Al gile CRE b ) au Tl el
(hirdl dad as Al (gdudy Cm (BS1A
pan Jouugia i o (cpallll yaedys A (ludal (ali ciliaga’ il dayag
9odl) Cliagad (u (ASY) jiang cddia ogila (270.2723) e Blad) aaa
AAAL) £ g4l
il Glagd (e days IS de (ualil) Bale) W clilaa S (4) Jg> geiase

AR BltaY) cudg agas aie g ) Cing

(4dn Gl ) (palil (il Bale) i (4) 22
Proportional reinsurance Non-proportional reinsurance
F k C Kk
0.00001 | 0.0001 | 0.001 | E.V 0.00001 | 0.0001 | 0.001 | E.V

0 | 270.638 | 273.992 | 315.083 | 270.272 [ 0 | 270.638 | 273.992 | 315.083 | 270.272
0.1 | 243.607 | 246.928 | 287.684 | 243.245 | 50 | 224.990 | 228.338 | 269.372 | 224.625
0.2 | 216.569 | 219.790 | 259.513 | 216.218 | 80 | 201.389 | 204.721 | 245.604 [ 201.025
0.3 | 189.524 | 192.579 | 230.525 | 189.190 | 100 | 187.048 | 190.363 | 231.076 | 186.687
0.4 | 162.471 | 165.294 | 200.672 | 162.163 | 150 | 155.510 | 158.755 | 198.775 | 155.156
0.5 | 135.411 | 137.934 | 169.900 | 135.136 | 200 | 129.293 | 132.429 | 171.383 | 128.951
0.6 | 108.343 | 110.499 | 138.151 | 108.109 | 250 | 107.498 | 110.493 | 148.050 | 107.172
0.7 | 81.268 | 82.989 | 105.361 | 81.082 [ 300 | 89.379 | 92.208 | 128.099 | 89.071
0.8 | 54.186 | 55.402 | 71.460 | 54.054 | 350 | 74.315 | 76.960 [ 110.988 | 74.028
0.9 | 27.097 | 27.739 | 36.368 | 27.027 | 400 | 61.790 | 64.242 | 96.273 | 61.525

1 0 0 0 0 500 | 42.720 | 44.776 | 72.642 | 42.497

Galdl dae) G 1 juaall
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"Inverse ously (usSta ao s Al el clibndl cadial) ausdl) Ay
L ajsdl 13gd ddlaay) LY 4o Jsi& 4G .“Inverse Gaussian™

ol

-

_ 2
s a,2) = —%] x>0

a
—————ex
V2mAx3 P
_E |14 — AZ
u= 7’ ar = a/
A - ai)\Esl) bl agilly Lala a9 odidd 2 o) 1B el Al
elgil¥) LAk N ‘Q...niﬂ\ Sedl CJJA.\S sl S &) Lal:ni J-T Y
[Clark, et al. 2004] .(padl) dga
pan Juugia i a3 (cpalill yosedSyd A cludal (el g il dayay
Agia gl (92.55567) dias ugla Lugrsa ajsil lidg 5)ludl ana

(4> ¢kl (utigh cpalill cuaalil) Bale) Jalud (5) Jgan
Proportional reinsurance Non-proportional reinsurance
F Kk c K
0.00001 | 0.0001 | 0.001 | E.VV 0.00001 | 0.0001 | 0.001 | E.V

0 92596 [ 92.984 | 97.121 [ 92554 | O 92596 [ 92.984 | 97.121 | 92.554
0.1 | 83.341 [ 83.725 | 87.822 | 83.298 | 20 74.610 | 74.997 | 79.122 | 74.568
0.2 | 74.084 | 74.457 | 78.437 | 74.043 | 30 66.973 | 67.358 | 71.462 | 66.932
0.3 | 64.826 | 65.180 | 68.962 | 64.787 | 40 60.118 [ 60.499 | 64.568 | 60.078
0.4 | 55.568 [ 55.894 | 59.397 [ 55.532 | 50 53.965 [ 54.341 | 58.358 | 53.926
0.5 | 46.309 | 46.600 [ 49.739 | 46.277 | 60 48.441 | 48.811 | 52.761 | 48.404
0.6 | 37.049 | 37.298 | 39.987 | 37.021 | 70 43.484 | 43.845 | 47.714 | 43.447
0.7 | 27.788 | 27.986 | 30.139 | 27.766 | 80 39.033 | 39.385 | 43.160 | 38.998
0.8 | 18.526 [ 18.666 | 20.193 | 18.511 | 90 35.039 [ 35.380 | 39.050 | 35.005
0.9 9.263 9.337 ]10.148 [ 9.255 | 100 | 31.453 | 31.783 | 35.338 | 31.420

1 0 0 0 0 110 | 28.234 | 28.552 | 31.984 [ 28.202
200 | 10.686 10.885 | 13.111 | 10.666

Laldl das) e i jeaall

Jasll ¢pali
. "Exponential® a8 g s 43 il Gllbull Guuliall a o) Al
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pas Juugia i 3 (cpallll e dyd A (ludal (uali gt il dayay
i o sila (250.1567) flras 85ledd aaa

(i sy Jal Ol (el 5ake) L (6) Jgaa

Proportional reinsurance Non-proportional reinsurance

F k C K
0.00001 | 0.0001 | 0.001 E.V 0.00001 | 0.0001 | 0.001 E.V

0 | 250.470 | 253.339 [ 287.891 | 250.157 [ O 250.470 | 253.339 | 287.891 | 250.157

0.1 | 225.451 | 228.292 | 262.557 | 225.141 | 50 | 205.149 | 208.012 | 242.503 | 204.841

0.2 | 200.426 | 203.182 | 236.565 | 200.125 [ 80 | 181.998 | 184.845 | 219.176 | 181.693

0.3 | 175.395 | 178.009 | 209.879 | 175.110 | 100 | 168.036 | 170.864 | 205.018 | 167.734

0.4 | 150.357 | 152.772 | 182.461 | 150.094 | 120 | 155.146 | 157.949 | 191.864 | 154.847

0.5 | 125313 | 127.472 | 154.270 | 125.078 | 150 | 155.146 | 140.397 | 173.838 | 137.349

0.6 | 100.263 | 102.107 | 125.261 | 100.063 | 170 | 127.084 | 129.800 | 162.851 | 126.797

0.7 | 75.207 76.678 | 95.386 | 75.047 [ 200 | 112.748 | 115.394 | 147.755 | 112.468

0.8 | 50.144 51.184 | 64.591 | 50.031 | 220 | 104.101 | 106.694 | 138.533 | 103.827

0.9 | 25.075 25.625 | 32.817 | 25.016 | 250 | 92.358 94.865 | 125.835 | 92.095

1 0 0 0 0 270 | 85.276 87.720 | 118.063 | 85.019

300 | 75.658 78.002 | 107.343 | 75.412
Laldl das) a0 jaall

s ilbua gilly alisl)

Bpabad palill cilSydl it cpalil) sale) 13 Juad Aapyal) oda el
dulall cuddy L AANA ey Jad) (e dal) (e Can afna LAY 138 iy
silly Gapall dadiall Ao o Auinall J1EY Jdad 7 e alailal Ao dafyad)
A G JS B Snda (68 pilall oda ) G ccldladl iy a0 sl
el Bale) 8 A Dla andiy
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& Alghadly clsliad) clinali o duadyll £168) Ao Aol o2 (gulat o
g159) .a 2020/2021 (Sing 2007/2008 (e B,5all elig cpalill ymed$yi
(A gy a3 A el

cpali ¢ pmatigh Cuallll cobadad (uali cpad cpali ¢ (gad) Cualill c@pad (uali
il ol

b L dupad) 4l cdagi L aaly

ag Lol dadia Ao alsiiuly Guald)) sale) M Gloa Lalea Gt -
Ao cldladl sl a8

EOs) ) dasill & R el Clapey cabdlad) cliby Ao ol -
b LS pgallan sy dalyad) sl cpalil) g9l (e ggd 8 Alaia)

(s gialt) 25 Jau gia Alaiay) a4l Calill g5
199.175 "Inverse Gamma" lls (ugSaa Gl ol
46,8361 “Weibull type S sl ¢ duls | (gl A
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54.40744 “Weibull"* Juls Sl el
270.2723 “Exponential™ ) Clalall el
92.55567 "Inverse Gaussian™ oasls usSes | utigh Gaalil
250.1567 “Exponential™ ) Jasd omals

ubals ) ) ) sk 3 o g cdon) Alilad) (o e o) 038 pal
G leainl @ A el Ady Lald) oyl GESY ululs

LAyl
P dad (o ol goud bk 58 i ) dand) LAY (0l A Y3 (e =
budly ddgd BB el oy 58 Aplie db Ay ALY P ded e
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Sl aladiuly gla (S8 (EU) dadgiad) dediad s JMA (e g (P Gagund)
Aabgia daitia o] o (g (g LAY Al W)l

 9gd Ll A g L sl

G clages cpalil) cbilens Adlaial) )N A3 B )5 Jdad 7 3l slaic )
L) Jgn (i) LG B o Jaal (e LAY 3 (S g il 03 () Gia
() LAy AR Alggany (Jilaal) LB ) Aol

YA



10.

11.

12.

13.

14.

15.

16.

ralall

Baker, T., Simon, J., 2002. Embracing risk. In: Baker, T., Simon, J.
(Eds.), Embracing Risk: The Changing Culture of Insurance and
Responsibility. University of Chicago Press, Chicago, pp. 1-26.

Borch, K. (1960). An attempt to determine the optimum amount of stop
loss reinsurance, Transactions of the 16th International Congress of
Actuaries, vol. 1, pp. 597-610.

Borch, K. (1962), “Equilibrium in a Reinsurance Market,” Econometrica
30, 424-444.

Borch, K. (1974). The Mathematical Theory of Insurance. Lexington
Books: Lexington, Mass.

Cai, J., & Tan, K. (2007). Optimal retention for a stop-loss reinsurance
under the VaR and CTE riskmeasures. Astin Bull., 37(1), 93-112.

Cai, J., Tan, K. S., Weng, C., & Zhang, Y. (2008). Optimal reinsurance
under VaR and CTE risk measures. Insurance Math. Econom., 43., 185—
196.

Das, Jagriti & Nath, Dilip C. (2019). Weibull Distribution As An
Actuarial Risk Model Journal of Data Science,17(1). 161 — 194.

Clark, David R. and Thayer, Charles A. (2004). A Primer On The
Exponential Family Of Distributions, Call Paper Program on
Generalized Linear Models.

Dickson, David C.M. (2005). Reinsurance risk and ruin. Cambridge
University Press.

Dickson, David C.M. & Waters, Howard R. (1996). Reinsurance and
ruin, Insurance: Mathematics and Economics, Volume 19, Issue 1, 61-
80.

El-bolkiny Mohamed T., et al. (2018). Estimate the Optimal
Proportional Reinsurance Method in Property Insurance, Egyptian
Journal of Commercial Studies, 41 (1), 291-337.

Freifelder, L. (1979). Exponential Utility Theory Ratemaking: An
Alternative Ratemaking Approach. Journal of Risk and Insurance 46(3).
Garven, J.R., & Tennant, J.L. (2003), The demand for reinsurance:
Theory and empirical tests, Assurances, 7 (3): 217-238.

Jiang,W.; Hong, H. and Ren, J. (2021), Pareto-optimal reinsurance
policies with maximal synergy, Insurance Mathematics and Economics,
vol. 96, pp. 185-198.

Kaas, Rob; Goovaerts, Marc; Dhaene, Jan & Denuit, Michel (2009).
Modern Actuarial Risk Theory: Using R. Heidelberg: Springer Berlin
Heidelberg.

Karageyik, B. B., & Sahin, S. (2017). Determination of the Optimal
Retention Level Based on Different Measures. Risk Financial
Management., 10(1).

Ys



17.

18.

19.

20.

21.

22.

23.

24

25.

26.

Mayers, D. and Smith, C.W. (1990), “On the Corporate Demand for
Insurance: Evidence from the Reinsurance Market,” Journal of Business,
63, 19-40.

Putri ,A. D.; Nurrohmah, S. and Fithriani, I. (2021) “Quota-share and
stop-loss reinsurance combination based on value-at-risk (VaR)
optimization,” Journal of Physics: Conference Series,vol. 1725,n0.1.
Rejda, George E. Michael J. McNamara (2017). Principles of Risk
Management and Insurance, 14th Edition, Pearson.

Rigby, R. A.; Stasinopoulos, D. M.; Heller, G. Z. and De Bastiani, F.
(2019). Distributions for modeling location, scale, and shape: Using
GAMLSS in R, Chapman and Hall/CRC.

Samson, Danny, and Thomas, Howard (1983). Reinsurance Decision
Making and Expected Utility. The Journal of Risk and Insurance 50 (2):
249-264.

Samson, Danny, and Thomas, Howard . 1985. “Decision analysis
models in reinsurance.” European Journal of Operational Research 19
(2): 201-211.

Swiss Re  (2004). An Introduction  to  Reinsurance,
http://www.swissre.com

. Swiss Re (2012). The essential guide to reinsurance: Solutions to 21st

Century Challenges, http://down.cenet.org

Waters, H. R. (1979). Excess Of Loss Reinsurance Limits. Scandinavian
Actuarial Journal, (1), 37-43.

Waters, H. R. (1983). Some Mathematical Aspects Of Reinsurance.
Insurance Math. Econom., 2, 17-26.



http://down.cenet.org/

A gal
Hlad) clily Ao dudlaiay) Glaay gl (bl
sl e g5t U Qi) Jlaa¥) ajsl) I Jgeadll R Slan) malill alasiad &
Gl dauh ces Sobegl IS8 L) Glusll Ghs S duball cas cliedil)
Generalized additive models for location scale ) gamlss dcja aladials )lal)
.(and shape
"daadl lasly Aabsdll clajgl) e el Apa 40lKe) R zelind gamlss dejs s
Generalized Akaike information critersion ) s SIST Clagles baal Lés}
:‘_;td\ J<al e Alall oS . fitDist & dwyll Al L(GAIC

fitDist(x, k = 3, type = "realplus”, trace = FALSE, try.gamlss = TRUE)
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> x<-c(215454, 190901, 184056, 118528, 205597, 179785, 198471,
274188, 373749, 298621, 340196, 922224, 437208, 272753)
> hist(x)

Histogram of x
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> fit <- fitDist(x, k = 3, type = "realplus"”, trace = FALSE, try.gamlss =
TRUE)

> summary(fit)
*hkhkkhkkhkkhkkkhkhkhkkikkhkhkhkkhkhkhkkikhkhkhhkkikhhkkikhkkhhhkkhhkhkihkkhhkhkkikhkhhkkihkhkkikihkihkkikx

Family: c("IGAMMA", "Inverse Gamma")
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Call: gamlssML(formula =y, family = DISTIi])
Fitting method: "nlminb"
Coefficient(s):

Estimate Std. Error tvalue Pr(>|t|)
etamu 12.201939 0.131961 92.46604 < 2.22e-16 ***
eta.sigma -0.819622 0.183190 -4.47416 7.6712e-06 ***
Signif. codes: 0 “***> 0.001 “**>0.01 “*>0.05 > 0.1 “’ 1
Degrees of Freedom for the fit: 2 Residual Deg. of Freedom 12
Global Deviance: 367.112

AIC: 371.112
SBC: 372.39
> plot(fit)
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Summary of the Quantile Residuals
mean = -0.002719539
variance = 1.077956
coef. of skewness = 0.4180368
coef. of kurtosis = 2.931094
Filliben correlation coefficient = 0.9735001
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> fitted(fit, what = c("mu", "sigma”, "nu", "tau"),parameter= NULL)
[1] 199175

@l o) sy m
> x<-c(28864, 35781, 11380, 19757, 46177, 23948, 85160, 67292, 44095,
96512, 61534, 72760, 50382, 45997)
> hist(x)
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> fit <- fitDist(x, k = 3, type = "realplus", trace = FALSE, try.gamiss =
TRUE)

> summary(fit)
*kkkhkkhkkhkkkhkkhkkhkkkhhkhkkhhkhkkihkkhhkhkkhhkhihkkhhhkkihhihkkihhkkihkhihkkihhkkihihiikkikx
Family: c("WEI2", "Weibull type 2")

Call: gamlssML(formula =y, family = DISTIi])

Fitting method: "nIminb"

Coefficient(s):

Estimate Std. Error tvalue Pr(>|t|)

etamu -23.784367 5.133014 -4.63361 3.5935e-06 ***
eta.sigma 0.777685 0.211795 3.67188 0.00024078 ***

Signif. codes: 0 “***°0.001 “*** 0.01 “** 0.05 . 0.1 *’ 1

Degrees of Freedom for the fit: 2 Residual Deg. of Freedom 12
Global Deviance: 321.054

AIC:  325.054
SBC: 326.332
> plot(fit)

khkhkhhhhkhkhkhkhkhkhiirhhhkhkhkhkhkhiiriihhkhhhihiiix

Summary of the Quantile Residuals
mean = -0.00476048
variance = 1.086555
coef. of skewness = -0.01145281
coef. of kurtosis = 1.932329
Filliben correlation coefficient = 0.9959554
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> fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL)
[1] 46.8361

Ol (el sl
> x<- ¢(37377, 36928, 26169, 63801, 36844, 21201, 83061, 59252, 44837,
57327, 56691, 66209, 49204, 43561)
> hist(x)

Histogram of x

Frequency

00 05 10 15 20 25 30

T
00000 40000 60000 80000

> fit <- fitDist(x, k = 3, type = "realplus"”, trace = FALSE, try.gamlss =
TRUE)
> summary(fit)
R R R R R R R S S S S R R R S R R R R R S R R R S S R R S S S R S S S S S S S R S S S S S S S S S S S e e
Family: c("WEI", "Weibull™)
Call: gamlssML(formula =y, family = DIST[i])
Fitting method: "nlminb™
Coefficient(s):

Estimate Std. Error tvalue Pr(>|t|)
etamu 10.9042561 0.0855741 127.42468 < 2.22e-16 ***
eta.sigma 1.1930608 0.2064865 5.77791 7.5634e-09 ***
Signif. codes: 0 “***0.001 “***0.01 **>0.05°.”0.1 " 1
Degrees of Freedom for the fit: 2 Residual Deg. of Freedom 12
Global Deviance:  310.876
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AIC: 314.876
SBC: 316.154
> plot(fit)
*hkkhkkhkhkkhkkhkhkhhkhkhhkhhhkhhhhhhhkhhkhhhkhhhkhhkhkihhihkihihkhihkhihhkhiikhkiiihkik
Summary of the Quantile Residuals
mean = 0.001134732
variance = 1.043137
coef. of skewness = 0.2041973
coef. of kurtosis = 2.259303
Filliben correlation coefficient = 0.9885215
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fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL)
[1] 54407.44

Okl el tlady
> X <- ¢(38556, 46099, 9547, 711845, 18362, 94404, 92814, 320391, 310945,
921519, 508083, 205318, 235657)
> hist(x)
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> fit <- fitDist(x, k = 3, type = "realplus"”, trace = FALSE, try.gamlss =
TRUE)
> summary(fit)
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Family: c("EXP", "Exponential™)
Call: gamlssML(formula =y, family = EXP)
Fitting method: "nlminb™
Coefficient(s):
Estimate Std. Error tvalue Pr(>[t])
etamu 1250718 0.27735 45.0953 < 2.22e-16 ***
Signif. codes: 0 “***> 0.001 “**>0.01 “*>0.05 > 0.1 “’ 1
Degrees of Freedom for the fit: 1 Residual Deg. of Freedom 12

Global Deviance: 351.187
AIC: 353.187
SBC: 353.752

> plot(fit)
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Summary of the Quantile Residuals
mean = -0.0720594
variance = 1.28806
coef. of skewness = 0.09800374
coef. of kurtosis = 1.671478
Filliben correlation coefficient = 0.9902579
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> fitted(fit, what = c("mu”, "sigma", "nu", "tau™),parameter= NULL)
[1] 270272.3

gl cpdlill slsls m
> x<-¢(90747, 50451, 53930, 77101, 62344, 76115, 103982, 130042,
33107, 83405, 76897, 29939, 180691, 246998)
> hist(x)
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Histogram of x
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> fit <- fitDist(x, k = 3, type = "realplus"”, trace = FALSE, try.gamlss =
TRUE)
> summary(fit)

khkhkhhhhkhkhkhkhkhkhrrrrhkhkhhhkhkhrrrrhhkhhhkhdrrrrhhdhhkhihiiiiiiihhixi

Family: c("IG", "Inverse Gaussian™)
Call: gamlssML(formula =y, family = DISTIi])
Fitting method: "nIminb"
Coefficient(s):

Estimate Std. Error tvalue Pr(>|t|)
etamu 11.435566 0.162268 70.4734 < 2.22e-16 ***
eta.sigma -6.216784 0.188980 -32.8965 < 2.22e-16 ***
Signif. codes: 0 “***’(0.001 “***0.01 “** 0.05°”0.1 ‘"1
Degrees of Freedom for the fit: 2 Residual Deg. of Freedom 12
Global Deviance:  339.117

AIC: 343117
SBC: 344.395
> plot(fit)
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Summary of the Quantile Residuals
mean = -0.005614077
variance = 1.073373
coef. of skewness = 0.1465196
coef. of kurtosis = 2.34109
Filliben correlation coefficient = 0.9861419
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Against Fitted Values Against index
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> fitted(fit, what = ¢("mu", "sigma", "nu", "tau"),parameter= NULL)
[1] 92555.67

Josdl omeli sl =
> x<- (416519, 166418, 266458, 17541, 388952, 43205, 65009, 143400,
577106, 35592, 19437, 282125, 764720, 315712)
> hist(x)

Histogram of x

> fit <- fitDist(x, k = 3, type = "realplus"”, trace = FALSE, try.gamlss =
TRUE)
> summary(fit)
R R R R S S R S S R R R R R R R R R R S R R R R R R R S S S R R S S R R R R R R S R S R S S S S S S S T
Family: c("EXP", "Exponential™)
Call: gamlssML(formula =y, family = EXP)
Fitting method: "nlminb™
Coefficient(s):
Estimate Std. Error tvalue Pr(>|t|)
eta.mu 12.429843 0.267261 46.5082 < 2.22e-16 ***
Signif. codes: 0 “***”0.001 “***0.01 “*” 0.05 .7 0.1 °’ 1
Degrees of Freedom for the fit: 1 Residual Deg. of Freedom 13
Global Deviance: 376.036
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AIC: 378.036
SBC: 378.675
> plot(fit)
*hkhkkhkhkkhhkhkkhkhkhkkhkhhhkhhhhhhhhhhhhhhhhhkhhhkihhhkihihkhihkhiihhihhiihiiiik
Summary of the Quantile Residuals
mean = 0.006093118
variance = 1.0535
coef. of skewness = -0.06670535
coef. of kurtosis = 1.539624
Filliben correlation coefficient = 0.9797893
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fitted(fit, what = c("mu", "sigma", "nu", "tau"),parameter= NULL)
[1] 250156.7

(B) @ale
) sl aladinls (P) Gaelill Bale) Jacd Alslas (slanal
tooh Aia) 55380 La (yadal dadgiall dndiall Alalaa

E[U(A—P - Y)] = E[U(A - X)] @)
Fbiu e ol Sillg oaalill Bale) JUB Julad B Ay gaall Alalaall & Aslaal) o3y
Lo Calidal cpalill Bale) Jaludl dasd
t R adal) U (ha 0dlaes canlsl) Alual) ()68 A cpuall Bale) LBl A B

Y=FX 0<F<1

toh WS Y paiall Jlaial) A8US Al o< g 4 Bliaall gal) dui A F us

1
g¥) = ;f(y)

ik WS (1) alas ual ol (g

Y4



o

f " _ekapp %f(y) dy = f —e KAV fdx  (2)
0 0

) 2l Aslaas il o(P) cpeldd) 3ale) Jand dasd slad ) auj sl padiadi
A
Y) = _e—}./FY
g =,
trhy LaS (2) Aalea sl al (g

f —e~kA-P-Y) %e—(%)Y dY :f —e kA-X) j0-2X gx
0 0

sdlalaall eyl Ciphall
—i.e‘k(A‘P)j (7)Y dY=£.;/1 .e~kA-P)
F 0 F k__
F
sddalaall eyl Cijhal)
1 —-kA
A—k
:(P) cualil Bale) Jaud dad o Juani claa Alslaal) Ll auanig
p=tp Atk A<k
=% n(l—k) for

Al o clagjall cilidad Gualil) Sale) Jludl luad GalulS dslaall 238 aadins
cgaa) JalSil) aladiad (e Yaug lasi gl Ak aladialy add GlELE) dygeaal élliy cdauly)
b LS (palil) Bale) Jand Alslaa LS Bale) ¢S

1 1/u — Fk

P=E ln(l/”—_k) for (1/p) <k

—Ae"‘“‘j e X4l qx = — e
0

pmeadl) Caalil) BaleY dadgiall dandl) ilas —
j 1-F)X f(x)dx
0
:g.u‘i\ s s gﬁ
1-F

f (1-F)Xie Xdx= ——
0 A—

P(1L— F) = o sl Al Gl

O (s ol caalgl) gluall (5% < C Bilia) as ae Lnead ¥ el Bale) A8 Dl b
198 (adall

Y = min(X, C)



tok LS Y paiall L) Jlaay) ABGS Ay o 65
(e~ ifX<c

gi¥) =1 ‘w
fAe—ldY ifX>c
c
t LS (1) dalaa gl o (a9

c
J. _e~k(A-P-Y) jo-2¥ dy+f _e~k(A-P=0) -2 gy
()} c

=f —e kA-X) pe-X gx
0

Alaleall o) Cajhall
C

oo

e Y@-k) gy —I—f —e KA-P-0) p0-2Y gy

-2 e—k(A—P) j-
C

0

tor b il (A aally oY) sl Gangailly peell) Ciplall Jal<il slalyg

[/1 f = e kA-P) 4 (g=CO-k) _ 1)] + [~ek@a-P-0-ic |

sAlalaall cpa) Ciphall
[ee]

f —e kA% Qe X gx = —2 e‘k*“‘f e X@-b gx
0

0
b L il (A aally oY) aall Gangailly el ciplall Jalsil) ¢l
A
% e—k*A
A—k
(A cpalil) Bale) Jad Alalaa Ao Juan AU ChLaIAY) slaly lee agaall asany
1 1
P=—x1 for A<k

k1= (k/2) * eCkD

frby LaS il gl A dBlud) ddalaal) ALUS Bale) (Saug

1 1
PZE* In 1=k p» et 17m) forA<k

e S cppalil) Baley dadigiall dadl) s -
JOO(X -0 f(x)dx
‘ o) ayl) s
JOO(X —C) Ae X dx
C

£



e

.f (X—-C)de X dx = f X e X dx —f Cle X dx
c c c

%) C
U X Ae M dx — f X Ae X dx
0 0

—f C le X dx
c

1 e—lX C c e—AX e—AX 0
E—Alx_—lh)—ﬁ _—Adx—Cl —A|C
1 e—AX C
— _ —-AC _ _ _ -AC
=+ [(c 0)(e 1)- — |Ol Ce € +C

¢y



